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Flowcharts Design Example for a Two-Span Bridge

Flowcharting Conventions

A process may have an entry
Start .
point from more than one path.

An arrowhead going into a
process signifies an entry point.
Unique sequence
identifier
Reference /
A
Process
Design
Step # Chart # or

s the process is a
Sion, there is only
Ohe exit point.

A line going out of a
process signifies an exit
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AASHTO Refere

Flowchart reference or
article in AASHTO LRFD
Bridge Design Specifications

Commentary to provide
additional information
about the decision or
process.
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Process
Design
Step # Chart # or
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Go to Other
Flowchart
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Main Flowchart

General Information

Design

ey Chart 1

Desi Concrete Deck Design
esign

=g Chart 2

Design

Step 3

Bolted Field Splice Design

Chart 4

Design Example for a Two-Span Bridge

Splices are generally
required for girders
that are too long to be
transported to the
bridge site in one
piece.
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Miscellaneous Steel Design

Chart 5
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Main Flowchart (Continued)

Design Bearing Design
Step 6 Chart 6
_ Abutment and

Design Wingwall Design
Step 7

Chart 7
Design
Step 8

Special Provisions
and Cost Estimate

Chart 10
Design
Completed

Note:
Design Step P is used for pile foundation
design for the abutments, wingwalls, or piers.
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Design Example for a Two-Span Bridge

General Information Flowchart

Chart 1

Includes:
» Governing
ye

cifications, codes,

Design
Step 1.1

Obtain Design Criteria

Design
Step 1.3

Includes:
» Horizontal curve data
and alignment
» Vertical curve data and
grades
Does client
Luire a Span - Includes:
Arrangem gnt No > Select bridge type
Study? » Determine span
arrangement
» Determine substructure
locations
» Compute span lengths
» Check horizontal
clearance
A 4
Perform Span Design Select Bridge Type and
Step 1.3 | Develop Span Arrangement

Arrangement Study
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Chart 7
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Design | Special Provisions
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Chart 1

Includes:

» Boring logs
Foundation type
debmendations for

Obtain Geotechnical
Recommendations

Design
Step 1.4

2 [C]
\stance (axial and
lal€Fal)
Includes:
» Select steel girder
types

» Girder spacing

» Approximate girder
depth
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clearance

A 4

e, Size
cation Study

Design
Step 1.5

Determine Optimum
Girder Configuration
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Return to
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Step 2
Chart 2
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Design Steel Girder Design

Step 3

Chart3

Are girder
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) Bolted Field Splice
Design Design

Step 4
Chart4

. Miscellaneous Steel
Design Design

Step 5
Chart 5

Design Bearing Design

Step 6 Chart 6

Abutment and
Wingwall Design

Chart7

Design
Step 7

Pier Design

@

Design
Completed

Design
Step 8

Design
Step 9

Design
Step
10
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Chart 2

Design Example for a Two-Span Bridge

Concrete Deck Design Flowchart

Includes:
» Girder spacing
» Number of girders
» Tgp and bottom cover
» ete strength
»
g Obtain Design Criteria >
Step 2.1
ompute the effective
Design span length, S, assume a
Step 2.2 ——\girder top flange width that

is conservatively smaller
than anticipated.

$13.7.3.1.2

The deck overhang region
is required to be designed
—1to have a resistance larger
than the actual resistance

of the concrete parapet.

Select Slab and
Overhang Thickness

Based on Design Steps 2.3
— and 2.4 and based on
client standards.

Method? (S4.6.2)

Equivalent Strip

No —»

Other deck design
methods are
presented in S9.7.

Includes moments for
component dead load (DC)
and wearing surface dead
load (DW).

Design Compute Dead Load Effects
olep 2o $3.5.1 & S3.4.1
Go to:
A
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Concrete Deck Design Flowchart (Continued)

Flowcharts
" General Information
Design
Step 1 Chart 1
: Concrete Deck
Design Design
Step 2
Chart 2
Design Steel Girder Design
Step 3 Chart3
Are girder
No splices Yes.
required?
) Bolted Field Splice
Design Design
Step 4
Chart4
. Miscellaneous Steel
Design Design

Step 5
Chart 5

Design Bearing Design

Step 6 Chart 6

Abutment and
Wingwall Design

Chart7

Design
Step 7

Design Pier Design

Step 8

Design
Step 9

Design i 3
Step N
10

Design
Completed
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Chart 2

a’lsiderations include:
» Dynamic load
allowance

Design | Compute Live Load Effects

Step 2.6 $3.6.1.3 & S3.4.1
Compute Factored

Design Positive and Negative

Step 2.7 Design Moments

Design

Step 2.8

esign for Negative Flexure
in Deck

S4.6.2.1 & S5.7.3

S5.5.4.2.1. See also
S5.7.2.2 and
S5.7.3.3.1.

Generally, the bottom
transverse
reinforcement in the
deck is checked for
crack control.

The live load negative
moment is calculated
at the design section to
the right and to the left

v

Check for Negative
Design Flexure Cracking under
Step 2.11 Service Limit State
S$5.7.3.4 & S5.7.1
_ Design for Flexure
Design in Deck Overhang
Step 2.12
S$5.7.3.4, S5.7.1 & SA13.4

v

Go to:
B

of each interior girder,
and the extreme value
is applicable to all
design sections
(S4.6.2.1.1).

Generally, the top
transverse
reinforcement in the
deck is checked for
crack control.
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Concrete Deck Design Flowchart (Continued)

Chart 2
For concrete parapets,
B the case of vertical
collision never controls.
A h 4
Design Overhang Design Overhang gn Overhang
Nasian for Horizontal Docian for
91 ['Vehicular Collision 91 | Vertical Collision ad and
Case 1 Case 2
Force Force 3
SA13.4.1 SA13.4.1
\
Check at Check at Check at
Check at 1 j i
Case e Face Case| Design Case| Design Case| Design
1A o ranct 1B | Section in 1C | Section in ; 3B | Sectionin
P Overhang irst Overhang First Span
| | | B
A_(Overhang) =
msaximum of the
General Information above f[Ve

Design

Step 1 Chart1

v

Concrete Deck
Design

Chart 2

Design
Step 2

Design Steel Girder Design

Step3 Chart3

Are girder
splices
required?

Design
Step 4

Design
Step 5

Design
Step 6

Abutment and
Wingwall Design

Chart7

Design
Step 7

Design Pier Design

Step 8 Chart 8

y

Miscellaneous
Design

Chart9

Design
Step 9

Special Provisions
and Cost Estimate

Design
Step
10 Chart 10

Design
Completed

FHWA LRFD Steel Design Example

Design
Step 2.13

s Use A (Deck)
overhang. l in overhang.
Check for Cracking Does

in Overhang under
Service Limit State

$5.7.3.4 & S5.7.1 most

v

Compute Overhang Cut-off

Design Length Requirement
Step 2.14
S$5.11.1.2
Go to:
Cc

reinforcing steel
areas

The overhang
reinforcing steel
must satisfy both
the overhang
requirements
and the deck
requirements.

not control

the design in

cases.
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Concrete Deck Design Flowchart (Continued)
Chart 2

Compute Overhang
Design
9 Development Length on factors
Step 2.15
S$5.11.2
Design General Information
Step 1 Chart1 ¢
* . . .
Basign 00"323;55“ o De_sgn B_ottom _Long|tud|nal
Step 2 S esign | Distribution Reinforcemep _
7 Step 2.16 ing@ccordance
Design Steel Girder Design 39.7.3.2 ) Sg 7 2 3
Step 3 Chart3 ¢
Are girder : ased on
No splices Yes. D . g :
required? i temperature and
Design | Djst -
shrinkage
- Bolted Field Splice Step 217 .
Design Design reinforcement
Chart4 requirements.
Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6 Chart 6
3 Abutment and
Design | \yingwall Design
Step 7
Chart7
o] PirDesn _For simple span_precast
Sp8 | cpans girders made continuous for
ontinuous steel live load, design top
_ : No — o )
Design girders? longitudinal reinforcement
ep . .
over piers according to
eson| S50 @ S5.14.1.2.7.
Step N
10

For continuous steel girders,
design top longitudinal
reinforcement over piers
according to S6.10.3.7.

v

Design Draw Schematic of Final
Step 2.19 Concrete Deck Design

v

Return to
Main Flowchart

Design
Completed
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Steel Girder Design Flowchart

Chart 3

Includes project specific
design criteria (such as
onfiguration, girder

G
Design ' A il
Design General Information Step 3.1 Obtaln DeSIgn Cntena
Step 1 Chart 1
3 Concrete Deck

Design Design
Step 2

Chart 2

Design | Steel Girder Design
Step 3 Chart 3

Are girder

—No splices Yes— v
required? ‘

e factors,

cto

=
Design | Boted Field Spiice DeS|gn ct Tri
[+ 3 ]
Step 4 Chart4 Step 3.2 Gir ection
Desi Miscellaneous Steel
esign Design
> Step 5 9
Chart 5
Design Bearing Design
Step 6 Chart 6
3 Abutment and
Design | \yingwall Design
Step 7
Chart 7
Design Pier Design
Step 8
. Composite section?
Design
Step 9
Design
Step
10

No

Considerations include:

» Sequence of loading
(S6.10.3.1.1a)

» Effective flange width
(S4.6.2.6)

Compute Section Properties
for Composite Girder

S$6.10.3.1

Design
Step 3.3

Compute Section Properties
for Noncomposite Girder

$6.10.3.3

Go to:
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Steel Girder Design Flowchart (Continued)

Chart 3

" General Information
Design

Design Compute Dead Load Effects
Sep a4 $3.5.1

Step 1

Chart1 L
Concrete Deck

Design Design

Step 2
Chart 2

Design Compute Live Load Effe

Includes load factors and
load combinations for
strength, service, and
fatigue limit states.

Design | Steel Girder Design Step 3.5
Step 3 Chart 3
Are girder
—No splices Yes—
required? ‘
Design | Bolted Field Spiice A DeS|gn
Step 4 Chart 4 Step 3.6
Desi Miscellaneous Steel
esign i
L Step 5 Design

Chart5

Design Bearing Design

Step 6

Considerations include:

Chart 6

heck Section

» General proportions

Are section
proportions
adequate?

Design i 3
Step N
10

Design
Completed

FHWA LRFD Steel Design Example

Design A_butment ar!d (6 10 2 1)
Step7 W'"gc“f;'n“’js'g” » Web slenderness
— (6.10.2.2)
Qesign| " » Flange proportions
(6.10.2.3)
Design
Step 9

Go to:
:
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Steel Girder Design Flowchart (Continued)
Chart 3

Start

: General Information
Design

Step 1 Chart1

Concrete Deck
Design

Chart 2

Design
Step 2

Design | Steel Girder Design

Step 3 Chart 3
Are girder
_ i Yes_, . .
TS oire * — No Composite section?

Bolted Field Splice

Design

Step 4 Chart 4

Desi Miscellaneous Steel
esign Design
> Step 5 9
Chart 5
Design Bearing Design
Step 6 Chart 6
Desi Abutment and
esign |y Il Desi : : : .
Step7 | Vngwall Design nsiderations include:

Chart 7

» Web slenderness

» Compression flange
slenderness (N only)
Compression flange
bracing (N only)

»  Ductility (P only)

» Plastic forces and

neutral axis (P only)

*

Dete if Se
Compac oncomp >

Pier Design

Design
Step 8 Chart8

.
v Design
. Miscellaneous
Design Design
Step 9

Chart9

Design | Special Provisions
Step and Cost Estimate

10 Chart 10

Design
Completed

Nojv

Design
Step 3.10 S6.10.4
(Flexural resistance

in terms of stress)

Design for Flexure -
Strength Limit State
Design
Step 3.10

Considerations include:
» Computations at end
i panels and interior

panels for stiffened
or partially stiffened
girders

Design for Shear » Computation of

Design _
Step 3.11 shear resistance

$6.10.7 > Check DA, for shear

» Check web fatigue
stress (S6.10.6.4)
» Check handling
requirements
Go to: » Check nominal shear

Note: E resistance for
P denotes Positive Flexure. constructability

N denotes Negative Flexure. (S6.10.3.2.3)
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Steel Girder Design Flowchart (Continued)
Chart 3

Start

. General Information
Design

Step 1 Chart1

Concrete Deck
Design

Chart 2

Design
Step 2

Design | Steel Girder Design
Step 3 Chart 3

Are girder

—No splices

Design
Step 4 «

Design
Step 5

Design
Step 6

Abutment and
Wingwall Design'

Chart 7

Design
Step 7

Design Pier Design
Step 8 Chart 8

Miscellaneous
Design

Chart9

Design
Step 9

Design | Special Provisions
Step and Cost Estimate

10 Chart 10

Design
Completed

— No

Transverse
intermediate
stiffeners?

Design
Step 3.12

Longitudinal
stiffeners?

Yes

v

Design Longitudinal

Design Stiffeners
Step 3.13
S6.10.8.3
4
Go to:
F

ble-plate
npute projecting

dth, moment of

nertia, and area

Check slenderness

requirements

(S6.10.8.1.2)

» Check stiffness
requirements
(S6.10.8.1.3)

» Check strength
requirements
(S6.10.8.1.4)

If no longitudinal stiffeners
are used, then the girder
must be designed for shear
based on the use of either
an unstiffened or a
transversely stiffened web,
as applicable.

Design includes:

» Determine required
locations

» Select stiffener sizes

» Compute projecting
width and moment of

inertia

» Check slenderness
requirements

» Check stiffness
requirements
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Steel Girder Design Flowchart (Continued)
Chart 3

No

Use unstiffened
web in steel
girder design.

Design
Step 1

General Information

Chart1

Design
Step 2

Concrete Deck
Design

Chart 2

Design
Step 3

Steel Girder Design
Chart 3

—No

Are girder
splices
required?

Yes—

Design
Step 4

Bolted Field Splice

Design
Step 5

Design
Step 6

Design
Step 7

Chart7

Design
Step 8

Pier Design

Chart 8

Design
Step 9

Miscellaneous
Design

Chart 9

Design
Step
10

Special Provisions
and Cost Estimate

Chart 10

Design
Completed

Is stiffened web
most cost effective?

Design for Flexure -
Service Limit State

S2.5.2.6.2 & S6.10.5

Check:

» Fatigue load
(S3.6.1.4)

» Load-induced fatigue
(S6.6.1.2)

» Fatigue requirements
for webs (S6.10.6)
» Distortion induced

Design for Flexure -

FHWA LRFD Steel Design Example

Design Constructibility Check
Step 3.16
$6.10.3.2
Go to:

fatigue

» Fracture

Compute:

» Live load deflection
(optional)
(S2.5.2.6.2)

» Permanent deflection
(S6.10.5)

Check:
» Web slenderness
» Compression flange

slenderness

» Compression flange
bracing

» Shear
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Steel Girder Design Flowchart (Continued)

Chart 3

_ Check Wind Effects
Design on Girder Flanges

Step 3.17

General Information

$6.10.3.5
Step 1 Chart 1
. Concrete Deck
Design Design
Step 2
Chart 2
Design | Steel Girder Design

Step 3 Chart 3

Have all positive
and negative flexure
design

checl

Are girder
splices
required?

—No

Bolted Field Splice

Design
[+
Step 4 Chart 4
Desi Miscellaneous Steel
esign Design
> Step 5 9

Chart 5
Design Bearing Design
Step 6 Chart 6

) Abutment and

Design | \yingwall Design
Step 7

Chart 7
Design Pier Design
Step 8
Design
Step 9
Design

Step
10

Completed
: Draw Schematic of Final
Steel Girder Design

v

Return to
Main Flowchart

Design
Step 3.18

FHWA LRFD Steel Design Example

Go to:
D (and repeat
flexural checks)

No Go to:
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General Information

Design

Step 1 Chart1

Concrete Deck
Design

Chart 2

Design
Step 2

Design Steel Girder Design

Step 3

Chart3

Bolted Field Splice
Design

Chart 4

Design
Step 4

Design Example for a Two-Span Bridge

Bolted Field Splice Design Flowchart
Chart 4

Design : ) " .
Step 4.1 Obtain Design Criteria
Select Girder Section
Design as Basis for
Step 4.2 Field Splice Des
S$6.13.6.1

81gn bolted field splice
based on the smaller
adjacent girder section
(S6.13.6.1.1).

N Design Miscellgr;:%\;s Steel
Step 5 Chart 5
Design |  Bearing Design
Step 6 Chart 6
| o Design bolted field
Step7 - splice based on
right adjacent girder
Design Fier Design section prope‘rties.
Design —_—
Stepd Includes:
Desian 7 »  Girder moments
Step ? » Strength stresses and
forces
» Service stresses and
Design Compute Flange Splice forces
Step 4.3 Design Loads » Fatigue stresses and
6.13.6.1.4c forces
» Controlling and non-
controlling flange
» Construction
moments and shears
Go to:
A
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Bolted Field Splice Design Flowchart (Continued)

Chart 4
Check:
» Yielding / fracture of
splice plates

» Block shear rupture
esistance (S6.13.4)

> ar of flange bolts

» Slip¥@sjstance

>

: Design Bottom » 3ing for
SDt::IaI:l Flange Splice /i 3.2.6.2)
: 6.13.6.1.4c g pitch for

jtch bolts (6.13.2.6.3)

ge distance
.13.2.6.6)
earing at bolt holes
(6.13.2.9)

» Fatigue of splice plates
(6.6.1)

\ 4

Design

Step 1 Chart1

General Information

Design

Design
Step 2

Chart2

Concrete Deck

Design

Step3 Chart3

Steel Girder Design

Design
Step 4

Design
Step 5

Design
Step 6

h 4

Design Top
ange Splice
S$6.13.6.1.4¢c

Design

Step 4.6

Design

Step 7
Chart 7

Abutment and
Wingwall Design

Compute Web Splice
Design Loads
S$6.13.6.1.4b

Design

Step8 Chart 8

Pier Design

y

Design Design

Step 9
Chart 9

Miscellaneous

Design | Special Provisions
Step and Cost Estimate

10 Chart 10

Design
Completed

FHWA LRFD Steel Design Example

Go to:

» Control of permanent
deflection (6.10.5.2)

Check:

—>» Referto

Design Step 4.4

Check:

» Girder shear forces

»  Shear resistance for
strength

» Web moments and
horizontal force
resultants for
strength, service and
fatigue
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Bolted Field Splice Design Flowchart (Continued)

Chart 4

Check:

» Bolt shear strength

» Shear yielding of
splice plate
(6.13.5.3)

Design Web Splice

» Fracture on the net
ection (6.13.4)
shear rupture

Design
Step 4.7
- $6.13.6.1.4b
Desi General Information
esign
Step 1 Chart 1
Concrete Deck
Design Design
Step 2
Chart2
Design Steel Girder Design
Step 3 Chart3

Bolted Field Splice
Design

Chart 4

Design
Step 4

Desi Miscellaneous Steel
esign Design
> Step 5 9
Chart 5
Design Bearing Design
Step 6 Chart 6
. Abutment and
Design | \yingwall Design
Step 7
Chart 7
Design Pier Design
Step 8
Design
Step 9 DO a” b0|t
patterns satisfy all
Design 3 H H ?
Step ? specifications?
10

Design
Completed

Yes

v

@nge splices must be
designed, and they are
designed using the same
procedures.

Design
Step 4.8

Draw Schematic of Final
Bolted Field Splice Design

i

Return to
Main Flowchart
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Miscellaneous Steel Design Flowchart
Chart 5

Composite
No P
section?
Design General Information
Step 1 Chart1
Design Concret_e Deck B
Ston 2 2::';4"2 e, length, diameter,
nsverse spacing,
Design | Steel Girder Design . cover, penetration, and
S03 | Cpans Design De@ Shegr Connellirs pitch) P
s Step 5.1 10 Design for fatigue
No splices Yes resistance (S6.10.7.4.2)
ired? - .
NG » Check for strength limit
Design Bolted Field Splice State (pOSItlve and
Step 4 crana | negative flexure
regions) (S6.10.7.4.4)
_ Miscellaneous Steel —
2?5'9; Design
lep —_—
Chart 5 . .
o Design includes:
Design |  Beaing Design » Determine required
S1ePe ]  chans locations (abutments
boorgn|  Abmentand and interior supports)
Stop7 | /oWl Design » Select stiffener sizes
and arrangement
Design v » Compute projecting
I ' i width and effective
Design Bearing Stiffeners .
Design L SeCtIOH
Step9 » Check bearin
B $6.10.8.2 .t g
Design Special Provi_si reSIS ance 3
step. | and iht;zm » Check axial resistance
al
» Check slenderness
requirements (S6.9.3)
» Check nominal
compressive
resistance (S6.9.2.1
Go to: (
A and S6.9.4.1)

FHWA LRFD Steel Design Example 1
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Design Example for a Two-Span Bridge

Miscellaneous Steel Design Flowchart (Continued)

Design
Step 1

General Information

Chart1

Design
Step 2

Concrete Deck
Design

Chart 2

Design
Step 3

Steel Girder Design

Chart3

No

Are girder
splices
required?

Yes—

Design
Step 4

Bolted Field Splice

Chart4

Design

Step 5

Miscellaneous Steel
Design

Chart 5

v

Design
Step 6

Bearing Design

Chart 6

Design
Step 7

Abutment and
Wingwall Design

Chart7

Design
Step 8

Pier Design

Design
Step 9

Design
Step
10

Design
Completed

Chart 5

Design includes:

» Determine required
locations

Datermine weld type

pute factored

Design
Step 5.3

Design Welded Connections

S$6.13.3

e (tension,

eck minimum
ctive length
réguirements

To determine the need for
diaphragms or cross
frames, refer to S6.7.4.1.

Design includes:

» Obtain required
locations and spacing
(determined during
girder design)

» Design cross frames
over supports and
intermediate cross

Design Cross-frames

S6.7.4

frames

» Check transfer of
lateral wind loads

» Check stability of girder

Go to:

compression flanges
during erection

» Check distribution of
vertical loads applied
to structure

» Design cross frame
members

» Design connections
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Design Example for a Two-Span Bridge

Miscellaneous Steel Design Flowchart (Continued)
Chart 5

Design
Step 1

General Information

Chart1

Design
Step 2

Concrete Deck
Design

Chart 2

Design
Step 3

Steel Girder Design

Chart3

No

Are girder
splices Yes—
required?

Design
Step 4

Bolted Field Splice
[+
Chart4

Design
Step 5

Miscellaneous Steel
Design

Chart 5

v

Design
Step 6

Bearing Design

Chart 6

Design
Step 7

Abutment and
Wingwall Design

Chart7

Design
Step 8

Pier Design

Design
Step 9

Design
Step
10

FHWA LRFD Steel Design Example

@

Design
Completed

Is lateral
bracing
required?

— No

Design
Step 5.5

h 4

Compute Girder Camber
S$6.7.2

i

Return to
Main Flowchart

heck control of
deformation during
erection and placement
of deck

Design bracing
members

Design connections

Compute the following

camber components:

» Camber due to dead
load of structural steel

» Camber due to dead
load of concrete deck

» Camber due to
superimposed dead
load

» Camber due to vertical
profile

» Residual camber (if
any)

» Total camber



Flowcharts Design Example for a Two-Span Bridge

Bearing Design Flowchart

Chart 6
Start
Includes:
» Mgvement (longitudinal
ansverse)
a Design I | o :
g Obtain Design Criteria
Step 6.1
Design General Information
Step 1 Chart1
3 Concrete Deck
Design Design
Step2 Chart 2
Design Steel Girder Design
Step3 Chart3 _ Select Optim f bearing types
- Sthzlgnz Bearing Typ ection criteria in
re girder x
No res(;)dlﬁzz? Yes- S1 .6.2 TO Table 14 6 2'1
Design Bolted Field Splice
Step 4 Chart4
Design Miscelianeous Stee! Design selected
’ Chart 5 bearing type

No —p

in rdan
Design| Bearing Design accordance

Step 6 Chart 6 with S14.7.
Desian | wingwar Dosan
Step 7 - Includes:
- » Pad length
Design| T > Pad width
» Thickness of
sy Select Preliminary N Z’Eﬁgg}e;csg); 7rs
IR ropertics reinforcement layers
Design
step » Thickness of steel

reinforcement layers

» Edge distance

» Material properties

Method A usually results in

] a bearing with a lower
Desion Select Design Method capacity than Method B.
g (AorB) However, Method B

Step 6.4 ; " .

S14.7.5 or S14.7.6 requires additional testing

and quality control
L (SC14.7.5.1).
) Note:
G%m- Method A is described in $14.7.6.

Method B is described in S14.7.5.

FHWA LRFD Steel Design Example 1



Flowcharts Design Example for a Two-Span Bridge

Bearing Design Flowchart (Continued)
Chart 6

; Compute Shape Factor actor is the plan
s Design .
Step 6.5 — the area of
¥ P $14.7.5.1 or S14.7.6.1 ' Soulge.
Design
Step 1 Chart 1
* L
3 Concrete Deck
Design Design
Step2 Chart 2 o
: Check Compressive Stre
Stoel Grder Dosign Design ts dhe shear stress and
Design .
. Step 6.6 rainWifllthe elastomer.
3| onans P $14.7.5.3.2 or S144k6.
Are girder
No splices Yes:
required?
Design Bolted Field Splice J
Step 4 Chart 4
Does the bes
3 Miscellaneous Steel
Design Design
Step 5
Chart 5

Design Bearing Design
Step 6 Chart 6

Abutment and
Wingwall Design

Chart7

Design
Step 7

Design Pier Design

Step 8

Check Compressive
v Des Deflection
es Step 6.7

Includes both
—instantaneous deflections
and long-term deflections.

Design
Step 9

Design i 3
Step N
10

Design
Completed

$14.7.5.3.3 or $14.7.6.3.3

Does the bearing
satisfy the
compressive deflection
requirements?

Go to:
:

Yes
Go to: Note:
°ct°- Method A is described in S14.7.6.
Method B is described in S14.7.5.

FHWA LRFD Steel Design Example



Flowcharts Design Example for a Two-Span Bridge

Bearing Design Flowchart (Continued)
Chart 6

Checks the ability of the

Design Check Shear Deformation
Start

Design General Information Step 68 s147534 o S147634
Step 1 Chart1

Design Concret_e Deck

Stepgz Design

Chart 2

Design Steel Girder Design

Step 3 Chart3
Does the bearing
Are girder SatISfy the
i Y .
TN e shea&form
Design Bolted Field Splice
Step 4 Chart 4
3 Miscellaneous Steel
Design Design
Step 5
Chart 5

. .. . Ensures that no point in the
s:es;,gg Chart 6 ) ! bearing undergoes net uplift
bined Compression .
B R otation — and prevents excessive
Design | ypoment and ’ compressive stress on an
Step7 | ngwal Design .149.3.5 or $14.7.6.3.5
Chart 7 edge_
Design Pier Design
Step 8

Design
Step 9

Design i 3
Step N
10

Design
Completed

Does the
bearing satisfy the
compression
and rotation
requirements?

Go to:
.

Yes

v

Check Stability

Design

Step 6.10 | 5447536 or $14.7.6.3.6

Go to: Note:
%t°- Method A is described in S14.7.6.
Method B is described in S14.7.5.

FHWA LRFD Steel Design Example
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General Information

Design Example for a Two-Span Bridge

Bearing Design Flowchart (Continued)
Chart 6

Does the bearing
satisfy the
stability
requirements?

Yes

v

cement can sustain

tensile stresses induced
by compression in the
bearing.

%ck Reigforcem

S14.7. or S

Design
Step 6.11

Design
Step 1 Chart 1
3 Concrete Deck
Design Design
Step 2
Chart 2
Design Steel Girder Design
Step 3 Chart3
Are girder
No splices Yes:
required?
Design Bolted Field Splice
Step 4 Chart 4
3 Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6 Chart 6
3 Abutment and
Design | \yingwall Design
Step 7
Chart 7
Design Pier Design
Step 8
Design
Step 9
Design
Step
10

Go to:
.

Method A or

Method B? Method B

FHWA LRFD Steel Design Example

A
| Design for
Design e Anchorage Design Seismic Provisions
Step 6.12 Step 6.12
764 $14.7.5.3.8
_ Note:

G°Et°- Method A is described in $14.7.6.
Method B is described in S14.7.5.
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Bearing Design Flowchart (Continued)

FHWA LRFD Steel Design Example

Design
Step 1

General Information

Chart1

Concrete Deck

Step3 Chart3 Design Anchor
Design for Fixed Beari
Are girder
No splices Yes: Step 6' 1 3
required?. ‘ S
Design Bolted Field Splice
Step 4 Chart 4
3 Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6 Chart 6
3 Abutment and
Design | \yingwall Design
Step 7
Chart 7
Design Pier Design ol |n F|OWChart
Step 8
Design
Step 9
Design
Step
10

Chart 6

Is the

bearing
fixed?

Design Design
Step 2

i Chart 2 Yes
Design Steel Girder Design %
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FHWA LRFD Steel Design Example

Design Example for a Two-Span Bridge

Abutment and Wingwall Design Flowchart

Note:

Although this flowchart
is written for abutment
design, it also applies
to wingwall design.

General Information

Design

Step 1 Chart1

Concrete Deck
Design

Chart 2

Design
Step 2

Design Steel Girder Design

Step 3

Chart3

Bolted Field Splice J
Step 4

Design
Chart4

Miscellaneous Steel
Design

Chart5

Design
Step 5

Design Bearing Design

Step 6

Chart 6

y
_ Abutment and
Design | \wingwall Design
Step 7
Chart 7
v
Pier Design

Design
Step 8

Design
Step 9

Design i 3
Step N
10

Design
Completed

Chart7

Design
Step 7.1

Obtain Design Criteria

Design
Step 7.2

Yes

v

No —p

Includes:

» Concrete strength

» Concrete density
g@inforcing steel

Counterfort

Mechanically-stabilized

earth

»  Stub, semi-stub, or
shelf

» Open or spill-through

» Integral or semi-integral

Design selected
abutment type.

Design Select Preliminary
Step 7.3 Abutment Dimensions
Desi Compute Dead Load Effects
esign
Step 7.4 S3.5.1
Go to:
A

Includes:

» Backwall
> Stem

» Footing

Includes:

» Dead load reactions
from superstructure
(DC and DW)

» Abutment stem dead
load

» Abutment footing dead
load
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Design Example for a Two-Span Bridge

Abutment and Wingwall Design Flowchart (Continued)

Design
Step 1

General Information

Chart1

Design
Step 2

Concrete Deck
Design

Chart 2

Design
Step 3

Steel Girder Design

Chart3

No

Are girder

Design
Step 4

splices Yes:
required?
Bolted Field Splice

Chart4

Design
Step 5

Miscellaneous Steel
Design

Chart5

Design
Step 6

Bearing Design

Chart 6

y
_ Abutment and
Design | \wingwall Design
e Chart 7
v
Design Pier Design
Step 8 Chart 8

Design
Step 9

Design
Step
10

Design
Completed

@

FHWA LRFD Steel Design Example

Chart7

Compute Live Load Effects

Design

Step (9 $3.6.1
Compute Other

Design Load Effect

Step 7.6

S3.6 - S3.12

Pile
foundation
or spread
footing?

Pile foundation

v

Spread
footing

Design
Step 7.8

Check Stability and Safety
Requirements

S$11.6

,

Go to:
B

Longitudinally, place live
load such that reaction at
abutment is maximized.
ersely, place

raking force (S3.6.4)

loads (on live load

on superstructure)

.8)

Earthquake loads

(S3.10)

» Earth pressure (S3.11)

» Live load surcharge
(S3.11.6.2)

» Temperature loads
(S3.12)

Abutment foundation type
is determined based on the
geotechnical investigation
(see Chart 1).

Design spread
footing.

Considerations include:

»  Overall stability

» Pile requirements (axial
resistance and lateral

resistance)
» Overturning
»  Uplift




Flowcharts Design Example for a Two-Span Bridge

Abutment and Wingwall Design Flowchart (Continued)
Chart 7

Design Abutment Backwall

Design
General Information Step 7.9 Section 5

Chart1

) Concrete Deck
Design Design
Step 2

Chart 2

Design
Step 1

gn includes:

ign for flexure
ign for shear
eck crack control

Design Abutment Ste

Design Steel Girder Design

Step 3

Design
Step 7.10

Chart3

Section 5

Design Bolted Field Splice J
Step 4 Chart 4
) Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6 Chart 6 YeS
i Abutment and
Design ] \yingwall Design
Step 7
Chart 7
- Go to:
Design Pier Design .
Step8 Design Step P
Design
Step 9

v

Design i 3
Step N
10

1 | Design includes:
Design L ment Footing | |> Design for flexure
Step 7.11 Section 5 » Design for shear
» Check crack control
Design Draw Schematic of
Step 7.12 Final Abutment Design

I

Return to
Main Flowchart

FHWA LRFD Steel Design Example 3



Flowcharts Design Example for a Two-Span Bridge

Pier Design Flowchart

Chart 8
Start
Includes:
» rete strength
>
Design >
G o Step 8.1 Obtain Design Criteria
Step 1 Chart1
) Concrete Deck
S| e ; .
*cr-an 2 r height
Design Steel Girder Design
Step3 Chart3
Design gelect i Multi-column
Step 8.2 i »  Wall type
[s)‘:Sig: Bolted Field Splice > Plle bent
(] .
’ Chart 4 > Single column
Desi Miscellaneous Steel
s‘::;)g;l Design
Chart 5
Desi Bearing Design .
SeP6 | chans No Design selected
pier type.
3 Abutment and
[s)‘:s'g_;‘ Wingwall Design
ep Chart 7
Design Pier Design
Step 8
s Includes:

i Select Preliminary » Pier cap
ogson [ Spec @ . Pier Dimensions > Pier column
10 »  Pier footing
o
Includes:

» Dead load reactions
Compute Dead Load Effects from superstructure
— (DC and DW)

Pier cap dead load
Pier column dead load
Pier footing dead load

Design

e $3.5.1

YV V

47

Go to:

FHWA LRFD Steel Design Example
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Pier Design Flowchart (Continued)
Chart 8

Longitudinally, place live
load such that reaction at
pier is maximized.
Transyersely, place design

Desi Compute Live Load Effects
esign

? Step 8o $3.6.1

General Information

Design
Step 1

Chart1

) Concrete Deck
Design Design

Step 2
Chart 2

Design Steel Girder Design

Step 3

Chart3

hicular collision force

(S3.6.5)

Water loads (S3.7)

» Wind loads (on live
load, on superstructure,
and on pier) (S3.8)

» Ice loads (S3.9)

» Earthquake loads
(S3.10)

Design Bolted Field Splice J

Step 4 Chart4

Miscellaneous Steel
Design

Chart5

Design
Step 5

Design Bearing Design

Step 6 art
et » Earth pressure (S3.11)
Design Winewar Desiar > gmpe)rature loads
Chart 7 3.12
= - » Vessel collision (S3.14)
o S3.4.1
L Design includes:
Desion » Design for flexure
1 : (negative)

Pesion i @ i Fier Cap | |» Design for shear and
10 ! torsion (stirrups and
etion 5 longitudinal torsion

Completed

reinforcement)
» Check crack control

Design includes:

) ' » Slenderness
: Design Pier Column : )
Design | |  considerations
Step 8.9 Section 5 » Interaction of axial and
moment resistance
L » Design for shear
Go to:

B

FHWA LRFD Steel Design Example
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General Information

Design
Step 1 Chart 1
) Concrete Deck

Design Design
Step 2

Chart 2
Design Steel Girder Design
Step3 Chart3

Design Bolted Field Splice J
Step 4 Chart 4
3 Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6 Chart 6
3 Abutment and
Design | \yingwall Design
Step 7
Chart 7
Design Pier Design
Step 8
Design
Step 9
Design
Step
10

Design
Completed

FHWA LRFD Steel Design Example

Design Example for a Two-Span Bridge

Pier Design Flowchart (Continued)
Chart 8

Is a pile
foundation being
used?

Design
Step 8.10

Go to:
ign Step P

Design includes:

» Design for flexure
—» Design for shear (one-
way and two-way)

»  Crack control

Design Pier Footing

Section 5

Design
Step 8.12

Draw Schematic of
Final Pier Design

v

Return to
Main Flowchart




Flowcharts Design Example for a Two-Span Bridge

Miscellaneous Design Flowchart
Chart 9

Considerations presented

SD e5|gl11 Design Approach Slabs < _FHWA'SA'
" General Information tep : C
[S)l::;,g;l Chart 1
Design Concret_e Deck i
e )

: Steel Girder Design i DeSIgn Brldge L gItUdInaI grade Of
s B Design Deck Drainag

Step 9.2

S2.6.6

Yes. . X
Design spread, T
» Manning's roughness
. Bolted Field Splice . .

Srend | Desian coefficient, n

Chart 4 Runoff coefficient, C
Design MisceIISr;:it;\'J_Is Steel No —_—
Step 5

Chart 5
Design Bearing Design

Step 6 Chart 6

i Abutment and
Design Wingwall Design

Step7 Chart 7
[S)l:::)g; Pi:lDes;gn igl"l type, size,
— ber, and location
o R o of drains.
Step 9 )
Design i @ L
Step N
10
Design Design Bridge il
o Step 9.3 Lighting Consult with client or with
roadway or electrical
department for guidelines
l and requirements.
Go to:
A

FHWA LRFD Steel Design Example
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Miscellaneous Design Flowchart (Continued)

Chart 9

General Information

Is bridge lighting

Design
Completed

Yes

v

Desi .
SO0t | cnana required?
Concrete Deck
Design Design
Step 2
Chart 2
Yes
Design Steel Girder Design
Step 3 Chart3 ¢
ves Design type, size,
numbeggand logation
— of bridge lig
. Bolted Field Splice
[S)l::Ig: Design
p .
Chart4 The bridge should be
Design | "ecelaneous St designe_d such that _
Step s Chart 5 fabrication and erection
— ge < |can be completed
Design Bearing Design t|b|l|ty th t d dff It
Step 6 charte —— without undue difficulty
and such that locked-in
Design Winewa Deger construction force
Chart 7 effects are within
. Pier Design tolerable limits.
Design
Step 8 Chart 8
2
b Miscellaneous
Step 9 g Are there any
: additional design No
Design considerations?
Step
10

Design | Complete Additional Design
Step 9.5 Considerations
A
Return to

Main Flowchart

FHWA LRFD Steel Design Example



Design Example for a Two-Span Bridge

Special Provisions and Cost Estimate Flowchart

Chart 10

Develop Special Provisions

Does the
client have any
standard special
provisions?

Develop new
cial provisions as

Includes:
» Develop list of required

Compute Estimated
Construction Cost

Flowcharts
Design
Step 10.1
— Yes
A
Use and adapt
the client’s standard
special provisions as
applicable.
Desi General Information
esign
Step 1 Chart 1
) Concrete Deck
Design Design
Step 2 Chart2
Design Steel Girder Design
Step 3 Chart3
No
Design
Step 4
Design
Step 5
Design
Step 6
; Abutment and
Design | \yingwall Design
Step? Chart 7
Design Pier Design
Step 8 Chart 8
. Miscellaneous
Design Design
Step9 Chart 9
: Special Provisions
Desian | on4 Cost Estimate
Step 10
Chart 10

Design
Completed

FHWA LRFD Steel Design Example

I

Return to
Main Flowchart

Includes:

» Obtain list of item
numbers and item
descriptions from client

» Develop list of project
items

» Compute estimated
quantities

» Determine estimated
unit prices

» Determine contingency
percentage

» Compute estimated
total construction cost




Flowcharts

" General Information
Design
Step 1 Chart 1

) Concrete Deck
Design Design
Step 2

Chart 2

Design Steel Girder Design
Step 3 Chart 3

Yes-
Bolted Field
Splice Design

Chart 4

Design
Step 4

Miscellaneous Steel
Design

Chart 5

Design
Step 5

Design Bearing Design

Step 6 Chart6

Abutment and
Wingwall Design

Chart7

Design
Step 7

Design Pier Design

Step 8 Charts

12

Miscellaneous

Design
Step 9

Design
Step
10

FHWA LRFD Steel Design Example

Chart P

Design Example for a Two-Span Bridge

Define Subsurface

Design Conditions and Any
Step P.1 Geometric Constraints
S$10.4
Design

Verify Need for a
Pile Foundation

S$10.6.2.2

i

Design
Step P.5

Select Suitable Pile Type
and Size Based on
Factored Loads and

Subsurface Conditions

i

Go to:
B

Pile Foundation Design Flowchart

Loads and load
combinations are
determined in previous
design steps.

Refer to FHWA-HI-96-033,
Section 7.3.

Guidance on pile type
selection is provided in
FHWA-HI-96-033, Chapter
8.



Flowcharts Design Example for a Two-Span Bridge

Pile Foundation Design Flowchart (Continued)
Chart P

Determine Nominal Axial
Sta . .

Design Structural Resistance for
Design | General Information Step P.6 |Selected Pile Type and Size
Step 1 Chart 1 86.9-4

v
Concrete Deck
Design Design
Stap2 Chart 2
v
Design Steel Girder Design I I
Step 3 charts Determine Nomin

Design | Geotechnical Resis
Step P.7 | Selected Pile Type a

Yes- 5
3 Bolted Field
Design Splice Design

Step 4
Chart 4

Miscellaneous Steel

Seps| o ine Raltored

2 ral istance
Design Bearing Design P|Ie
Step 6 Chart6

i Abutment and
Design Wingwall Design

Step 7
P Chart7

. Pier Design

Design i

Step 8 Charts Determine Factored
S Axial Geotechnical

Sters Resistance for Single Pile

STable 10.5.5-2
Design
Step

10

i

Design
Completed

: Check Driveability of Pile
Design
SRk o $10.7.1.14
Go to:
Cc

FHWA LRFD Steel Design Example
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Pile Foundation Design Flowchart (Continued)
Chart P

Is pile driveable to
minimum of ultimate
geotechnical or structural
resistance without pile
damage?

Go to:
e

Desi General Information
esign
Step 1 Chart 1
) Concrete Deck
Design Design
Step 2
Chart 2
Design Steel Girder Design
Step 3 Chart 3 —
v Use simple rigid pile cap
Are girder approaCh
No splices Yes- |
required?
R Bolted Field
Design Splice Design
Step 4
Chart 4
) Miscellaneous Steel
Design Design
Step 5
Chart 5
Design Bearing Design
Step 6
Is pile layout workable N Go to:
aee e : 0
Design and within geometric A
Step 7 H
e constraints?
Design
Step 8 Chart 8
) Miscellaneous
Design Design
Step 9
Chart9
A Yes
Design | Special Provisions
Step and Cost Estimate
10 Chart 10
Completed .
Go to:

FHWA LRFD Steel Design Example
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Design Example for a Two-Span Bridge

Pile Foundation Design Flowchart (Continued)

General Information

Design
Step 1 Chart 1

) Concrete Deck
Design Design
Step 2

Chart 2
Design Steel Girder Design
Step 3 Chart 3
Are girder
No splices Yes:
required?

3 Bolted Field
Design Splice Design
Step 4

Chart 4

Design
Step 5

Miscellaneous Steel
Design

Chart 5

Design
Step 6

Bearing Design

Chart 6

Design
Step 7

Abutment and
Wingwall Design

Chart7

Design
Step 8

Pier Design

Chart8

12

Design
Step 9

Miscellaneous

Design
Step
10

FHWA LRFD Steel Design Example

Design
Completed

Chart P

Evaluate Pile Head Fixity

Design
Sl $10.7.3.8
Perform Pile Sgil
Design Interaction Ana
Step P.13

w5.1

\ /

Check Structural

Axial Capacity | | Check in lower portion of
S$6.5.4.2,C6.15.2 & pile.
S6.15.3.1

i

Design
Step P.16

Check Structural Capacity in|

Combined Bending & Axial Check in upper portion of
S6.5.4.2, S6.6.2.2, pile.

C6.15.2 & S6.15.3.2 o

i

Go to:
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Pile Foundation Design Flowchart (Continued)
Chart P

Design Check Structural

Design | General Information Step PA7 Shear CapaCity
Step 1 Chart 1
¥
) Concrete Deck
g‘::'gz Design
P Chart 2
v
Design Steel Girder Design i
Step 3 charts Check Maxim
v Design Horizontal and V using service limit
Are girder Step P.18 | Deflection of Pile
No splices Yes.
required?
3 Bolted Field
g‘:sm: Splice Design J
ep Chart 4
) Miscellaneous Steel
g‘:s'gg‘ Design
P Chart 5
Design Bearing Design
Step 6 Chart 6
) Abutment and
g‘:s'g_',‘ Wingwall Design
ep Chart7
Design Pier Design
Step 8 Chart 8
Desian Miscellaneous
Step99
Does pile foundation Go to:
Coton meet all applicable design No D
9 criteria?

Design
Completed

FHWA LRFD Steel Design Example 5
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Pile Foundation Design Flowchart (Continued)
Chart P

General Information

Is pile system
optimized?

Design

Step 1 Chart 1

B Concrete Deck
Design Design

Step 2
Chart 2

Design Steel Girder Design

Step 3

Chart 3

R Bolted Field
Design Splice Design
Step 4

Chart 4

Miscellaneous Steel

Design Design
Step 5

Chart 5
Design Bearing Design

Step 6 Chart6

. Abutment and
Design Wingwall Design

Step 7
P Chart7
Design Pier Design
Step 8 Chart 8
Miscellaneous
Design
Step 9

Design
Step

10
Design
Completed

FHWA LRFD Steel Design Example



Mathcad Symbols

This LRFD design example was developed using the Mathcad software. This
program allows the user to show the mathematical equations that were used, and
it also evaluates the equations and gives the results. In order for this program to
be able to perform a variety of mathematical calculations, there are certain
symbols that have a unique meaning in Mathcad. The following ribes some
of the Mathcad symbols that are used in this design example.

Symbol Example
] 2'
y =X

. In other words, the
n properties of the equation
led.

ddition with line break - If an
addition equation is wider than the
specified margins, the equation can
be wrapped, or continued, on the
next line. This is represented by
three periods in a row at the end of
the line.

For mare informa bout the basics of Mathcad worksheets, visit:

ttp://www.mathsoft.com




FHWA LRFD Steel Bridge Design Example Design Step 1 - General Information / Introduction
| AASHTO Spec.

General Information / Introduction
Design Step 1

Table of Contents

Introduction 1
Design Step 1.1 - Obtain Design Criteria

Design Step 1.2 - Obtain Geometry Requirements

Design Step 1.3 - Perform Span Arrangement Study
Design Step 1.4 - Obtain Geotechnical Recommendations
Design Step 1.5 - Perform Type, Size and Location Stud
Design Step 1.6 - Plan for Bridge Aesthetics

Introduction

Design Step 1 is the first of sev
procedures used for a steel girde
as an introduction to this d
information about the bri

esign step serves
and it provides general
design

so aimed at assisting the bridge
pn from Load Factor Design (LFD) to Load

For uniformity and simplicity, this design example is based on the
AASHTO LRFD Bridge Design Specifications (Second Edition,
1998, including interims for 1999 through 2002). References to the
AASHTO LRFD Bridge Design Specifications are included
throughout the design example. AASHTO references are presented
in a dedicated column in the right margin of each page, immediately
adjacent to the corresponding design procedure. The following
abbreviations are used in the AASHTO references:
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AASHTO Spec.

S designates specifications

STable designates a table within the specifications

SFigure designates a figure within the specifications
SEquation designates an equation within the specifications
SAppendix designates an appendix within the specifications
C designates commentary

CTable designates a table within the commentary

CFigure designates a figure within the commentary
CEquation designates an equation within the commentary

State-specific specifications are generally not used in this design
example. Any exceptions are clearly noted.

Design Methodology

This design example is based on Load and Resistange
Design (LRFD), as presented in the AASHTO LRF.
Specifications. The following is a general compariso
primary design methodologies:

Service Load Design (SLD) or Allowable S Desi

generally treats each load on the str as al from the
viewpoint of statistical variabif m is primarily built
into the capacity or resistance er than the loads.

Load Factor Design (LFD) [ at certain design loads,
such as live load, are mo i [ than other loads, such as
dead load. Therefore,di iers are used for each load
on the estimated peak

r Design (LRFD) takes into account both S1.3
e and the statistical mean loads. The

(Q), a resistance factor (¢), a nominal resistance
tored resistance (R, = ¢R,). LRFD provides a more
safety throughout the entire bridge, in which the

ety is a function of the variability of the loads and the

uniform leve
measure of s
resistance.

Detailed Outline and Flowcharts

Each step in this design example is based on a detailed outline and
a series of flowcharts that were developed for this project.

1-2
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The detailed outline and the flowcharts are intended to be
comprehensive. They include the primary design steps that would be
required for the design of various steel girder bridges.

This design example includes the major steps shown in the detailed
outline and flowcharts, but it does not include all design steps. For
example, longitudinal stiffener design, girder camber computations,
and development of special provisions are included in the detailed
outline and the flowcharts. However, their inclusion in the design
example is beyond the scope of this project.

Software

An analysis of the superstructure was performed using AASE
Opis® software. The design moments, shears, and rea
in the design example are taken from the Opis output, b
computation is not shown in the design example.

¢

To make this reference user-friendly, the bers s of the
design steps are consistent between the de
flowcharts, and the design e

Organization of Design Example

In addition to design computatio
many tables and figures to il
and many AASHTO refer
explain the design logic i
provided at the end
results for that parti

variouS’ design procedures
cludes commentary to

ay. A figure is generally
p, summarizing the design

mputations to present useful information, common
actices, and rules of thumb for the bridge designer.
boxes are shaded and include a tip icon, just like
tiMs. Tips do not explain what must be done based on
the design specifications; rather, they present
suggested alternatives for the designer to consider.
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Design Parameters

The following is a list of parameters upon which this design example

is based:
1. Two span, square, contin
2. Bridge width 44 feet curb

10-foot shoulders)

3. Reinforced concrete deck with overhangs

4. F-shape barriers (standard design)

5. Grade 50 steel throughout

6. Opis superstructure design software to be used to generate
superstructure loads

7. Nominally stiffened web with no web tapers

8.

about pier centerline

9. Composite deck throughout, with one shear con

design/check

10. Constructibility checks based on a single deck po
11. Girder to be designed with appropriae fa

identified on sketches)

12. No detailed cross-frame design (genera

provided)

13. One bearing stiffener desi
14. Transverse stiffeners design

15. One field splice design (c
locations)

16. One elastomeric beari

17. Reinforced concr

18.

19.

Maximum of two flange transitions top and bottom, sy,

AASHTO Spec.

uous structure configuration
to curb (two 12-foot lanes and two

tments on piles (only one will
ations)
be designed (all four wingwalls

1-4
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Summary of Design Steps

The following is a summary of the major design steps included in this
project:

Design Step 1 - General Information
Design Step 2 - Concrete Deck Design
Design Step 3 - Steel Girder Design
Design Step 4 - Bolted Field Splice Design
Design Step 5 - Miscellaneous Steel Design
(i.e., shear connectors, bearing stiffeners, and cross frames)
Design Step 6 - Bearing Design
Design Step 7 - Abutment and Wingwall Design
Design Step 8 - Pier Design
Design Step 9 - Miscellaneous Design
(i.e., approach slabs, deck drainage, and bridge lighti
Design Step 10 - Special Provisions and Cost Estim
Design Step P - Pile Foundation Design (part of Desi

To provide a comprehensive summary f’g n
design, all of the above design steps are in
outline and in the flowcharts. However, this
only those steps that are withi [ ject. Therefore,
Design Steps 1 through 8 are i i
Design Steps 9 and 10 are not.

The following units are defj for use js design example:

K = 1000Ib f K

1-5
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Design Step 1.1 - Obtain Design Criteria

The first step for any bridge design is to establish the design criteria.
For this design example, the following is a summary of the primary

design criteria:

Design Criteria

Governing specifications: AASHTO LRFD Bridge Design

Design methodology:

Live load requirements:
Deck width:

Roadway width:

Bridge length:

Skew angle:

Structural steel yield
strength:

Structural steel tensile
strength:

Concrete 28-day
compressive stren

Reinfo
strengt

Steel den

Concrete de@sity:

Parapet weight (each):

Future wearing surface:

Future wearing
surface thickness:

Specifications (Second Edition, 1998,
including interims for 1999 through
2002)

Load and Resistance Factor Design
(LRFD)

HL-93

Wdeck = 46875ﬂ:

Wroadway =‘-0ft
Ltota| = 240ﬂ:

= 60ksi
Ws = 0.490kcf
W = 0.150kcf

K

Wohpar = 0.53—

par ft
Wiws = 0.140kcf
trws = 2.5in  (assumed)

1-6
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STable 6.4.1-1

STable 6.4.1-1

S65.4.2.1

S56.4.3 & S6.10.3.7

STable 3.5.1-1
STable 3.5.1-1

STable 3.5.1-1
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Design Factors from AASHTO LRFD Bridge Design Specifications

The first set of design factors applies to all force effects and is
represented by the Greek letter n (eta) in the Specifications. These
factors are related to the ductility, redundancy, and operational
importance of the structure. A single, combined eta is required for
every structure. When a maximum load factor from STable 3.4.1-2 is
used, the factored load is multiplied by eta, and when a minimum lgad
factor is used, the factored load is divided by eta. All other loads,
factored in accordance with STable 3.4.1-1, are multiplied by eta if a
maximum force effect is desired and are divided by eta if a minim
force effect is desired. In this design example, it is assumed that
eta factors are equal to 1.0.

np = 1.0 nr = 1.0 n =1.0

For loads for which the maximum value of y; is a@ro

M = NpNR and  @pn 5

For loads for which the minimum

1
n=—"—"—
NMD'MRMI

of appropriate:

.00

Therefore for this desigit example,

ary o r design factors from the

sign Specifications. Additional
Specifications, and specific section
he right margin of the design example.
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Load factors: STable 3.4.1-1 &
STable 3.4.1-2

Load Combinations and Load Factors
Load Factors

Limit State DC DW

Max. [ Min. | Max. | Min. LL M| WS WL
Strength | 1251090150065 (1.75|1.75
Strengthlll [ 1.25]10.90 [1.50 | 0.65 | - - -
StrengthVV | 1.25]0.90 | 1.50 | 0.65]1.35]|1.35]0.40 | 1.00
Service | 1.00 | 1.00 | 1.00 | 1.00 [ 1.00 | 1.00 | 0.30 | 1.00
Service I 1.00 [ 1.00 | 1.00 | 1.00 | 1.30 | 1.30 -
Fatigue - - - - 1075]1075] -

Table 1-1 Load Combinations and Load Fact

The abbreviations used in Table 1-1 are as defined i

The extreme event limit state (includin&art
considered in this design example.
Resistance factors: S5.5.4.2 &
S6.5.4.2

Material Resistance Factor, ¢
¢r = 1.00
ov =1.00
dc =0.90
o =1.00
or = 0.90
ov =0.90
For axial compression ¢a=0.75

Structural

ar and torsion

For compression with ¢ =0.75t0 0.90
flexure (linear interpolation)

Table 1-2 Resistance Factors
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Multiple presence factors: STable 3.6.1.1.2-1

Multiple Presence Factors

Number of Lanes Loaded | Multiple Presence Factor, m

1 1.20
2 1.00
3 0.85
>3 0.65

Table 1-3 Multiple Presence Factors

Dynamic load allowance: le 3.6.2.1-1

Dynamic Load Allowance

_ Dynamic Loa
SN Allowance, IM
Fatigue and Fracture
Limit State ‘ !
All Other Limit States

Table 1-4 Dyn

Design Step 1.2 - Obtain Ge

Geometry requirements foghe brid onents are defined by
the bridge site and by, etry. Highway geometry
i t and vertical alignment.

e straight sloped, crest, sag, or a
combinatio hese three geometries.

For this desigf@@xample, it is assumed that the horizontal alignment
geometry is tangent and the vertical alignment geometry is straight
sloped.

1-9
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Design Step 1.3 - Perform Span Arrangement Study

Some clients require a Span Arrangement Study. The Span
Arrangement Study includes selecting the bridge type, determining
the span arrangement, determining substructure locations, computing
span lengths, and checking horizontal clearance for the purpose of
approval.

Although a Span Arrangement Study may not be required by the
client, these determinations must still be made by the engineer befor
proceeding to the next design step.

For this design example, the span arrangement is presented in

this example.

B E

«— € Bearings
Abutment 1

120'-0"

Legend:
E = Expansion Bearing
F = Fixed Bearings

Span@rrangement

Geotechnical Recommendations

The subs iti st be determined to develop
Btions.

Subsurface &nditions are commonly determined by taking core
borings at thef@kidge site. The borings provide a wealth of
information ab®Ut the subsurface conditions, all of which is recorded
in the boring logs.

It is important to note that the boring log reveals the subsurface
conditions for a finite location and not necessarily for the entire
bridge site. Therefore, several borings are usually taken at each
proposed substructure location. This improves their reliability as a
reflection of subsurface conditions at the bridge site, and it allows
the engineer to compensate for significant variations in the
subsurface profile.
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After the subsurface conditions have been explored and
documented, a geotechnical engineer must develop foundation type
recommendations for all substructures. Foundations can be spread
footings, pile foundations, or drilled shafts. Geotechnical
recommendations typically include allowable bearing pressure,
allowable settlement, and allowable pile resistances (axial and
lateral), as well as required safety factors for overturning and sliding.

For this design example, pile foundations are used for all
substructure units.

Design Step 1.5 - Perform Type, Size and Location Study

Some clients require a Type, Size and Location study for thg
of approval. The Type, Size and Location study includes
configurations for the superstructure and substructure co
relative to highway geometry constraints and site con@liti
of this study for the superstructure include selecting t
determining the girder spacing, computing the roxi
girder span and depth, and checking vertfCal c

Although a Type, Size and Location study ma
client, these determinations i
proceeding to the next design s

t be required by the
e engineer before

re cross section is

e Cross section was
selected to illustrate selec [ i and the established
geometry constraints he girder spacing,
consideration was gi eck replacement.

For this design example, the

1 2l_0!Y “‘ 1 0'—0” X . 1 '_5‘1/4"
Lane Shoulder
6" (Typ.)|

:If

4 Spaces @ 9'-9” = 39’-0”

3-11%4"

3-11%"

>

Figure 1-2 Superstructure Cross Section
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Design Step 1.6 - Plan for Bridge Aesthetics

Finally, the bridge engineer must consider bridge aesthetics
throughout the design process. Special attention to aesthetics should
be made during the preliminary stages of the bridge design, before
the bridge layout and appearance has been fully determined.

To plan an aesthetic bridge design, the engineer must consider the
following parameters:

e Function: Aesthetics is generally enhanced when form follows
function.

e Proportion: Provide balanced proportions for members and
lengths.

e Harmony: The parts of the bridge must usually compl
other, and the bridge must usually complement its sur

e Order and rhythm: All members must be tied toge i
manner.
Contrast and texture: Use textured
Light and shadow: Careful use of shadowscan
more slender appearance.
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Concrete Deck Design Example
Design Step 2
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Design Step 2.1 - Obtain Design Criteria

The first design step for a concrete bridge deck is to choose the correct
design criteria. The following concrete deck design criteria are obtained
from the typical superstructure cross section shown in Figure 2-1 and
from the referenced articles and tables in the AASHTO LRFD Bridge
Design Specifications (through 2002 interims).

Refer to Design Step 1 for introductory information about this design
example. Additional information is presented about the design
assumptions, methodology, and criteria for the entire bridge, includj
the concrete deck.

deck acts as a simple or continuous beam spanning
support. The empirical method could be used for the
negative moment interior regions since

requirements given in S9.7.2.4. Howevet,

eets all the
thod could

rioF girder. In addition, the
the positive and negative
are balanced. A common
b is to make the overhang approximately
es the girder spacing.
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Design Step 2 - Concrete Deck Design

AASHTO Spec.

1-5%,"
|

46'-10v~"
\_ 10'-0” =L 12'-0” ~ 12'-0” J: 10'-0” N
Shoulder Lane Lane Shoulder
\ 36" (Typ.) f

|-

3-11%" 4 Spaces @ 9’-9" = 39'-0"

Bay 158@ 2—«—Bay BEBay 4I_

-7 |
Figure 2-1 Superstructure Cross Section

The following units are defined for use in this design examp,

K

ka = —3
ft

K = 1000lb ksi

Deck properties:

Girder spacing:
Number of girders:
Deck top cover:
Deck bottom cover:
Concrete density:

Concrete 28-day
compressive stre

Reinfo nt

streng fy = 60Kksi

Future

surface: Wiws = 0.140kcf

2-3

STable 5.12.3-1
STable 5.12.3-1
STable 3.5.1-1

S54.21

S5.4.3 & S6.10.3.7

STable 3.5.1-1
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Parapet properties:

Weight per foot: Wpar = O.53f—Kt
W|dth at base: Wbase = 14375ﬁ
Moment capacity K. ft
at base*: Mco = 28'21T
Parapet height: Hpar = 3.5ft

Critical length of yield _
line failure pattern*: Lc = 12.84ft (calculated in
Design Step

Total transverse
resistance of the parapet*: Rw = 117.40K (calculate
Desi t

12)

* Based on parapet properties not inclu@ed i
See Publication Number FHWA HI-95-017,
Factor Design for Highway Bridges, Particip

example.
tance

(Version 3.01), for the method used t ut parapet properties.

is set at 2.5 inches since the
s and/or tire stud or chain
wear. This includes the 1/@8inch int earing surface that is

Deck top cover - The concr

Deck bottom cove e conc bottom cover is set at 1.0 inch
since t [ se reinforcement that is smaller than a #11
bar.

Concrete ssive strength - The compressive strength
for decks s not be less than 4.0 KSI. Also, type "AE" concrete

should be sp&@ified when the deck will be exposed to deicing salts or
the freeze-thaWeycle. "AE" concrete has a compressive strength of

Future wearing surface density - The future wearing surface
density is 0.140 KCF. A 2.5 inch thickness will be assumed.
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Design Step 2.2 - Determine Minimum Slab Thickness

The concrete deck depth cannot be less than 7.0 inches, excluding
any provision for grinding, grooving, and sacrificial surface.

Design Step 2.3 - Determine Minimum Overhang Thickness

For concrete deck overhangs supporting concrete parapets or barriegs,
the minimum deck overhang thickness is:

to = 8.0in

Design Step 2.4 - Select Slab and Overhang Thickness

can be increased as needed based on client standar
computations. The following slab and overhang thic
assumed for this design example:

ts = 8.5in and to

Design Step 2.5 - Compute

moments for the deck slab uture wearing surface are
tabulated in Table 2-1. T nts are presented for tenth
points for Bays 1 thro r a 1-fo@@strip. The tenth points are
based on the equiv sp he center-to-center beam
spacing.

After thée are computed for the slab, parapets, and
future wes orrect load factors must be identified. The

Minimum
YpDCmin = 0.90

For future wearing surface:
Maximum yp\wmax = 1.50

Minimum
YpDWmin = 0.65

2-5

AASHTO Spec.

S9.7.1.1

S13.7.3.1.2

STable 3.5.1-1

STable 3.4.1-2



Design Step 2 - Concrete Deck Design

FHWA LRFD Steel Bridge Design Example

AASHTO Spec.
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Design Step 2.6 - Compute Live Load Effects

Before the live load effects can be computed, the following basic
parameters must be defined:

The minimum distance from the center of design vehicle wheel to
the inside face of parapet = 1 foot

The minimum distance between the wheels of two adjacent design
vehicles = 4 feet

Dynamic load allowance, IM IM = 0.33

Load factor for live load - Strength | yLL = 1.75

Multiple presence factor, m:
With one lane loaded, m = 1.20 ‘
With two lanes loaded, m = 1.00
With three lanes loaded, m = 0.85

Fatigue does not need to be invaghigated fo crete deck design.

Resistance factors for fle ;

Strength limit state dstr = 0.90

Service limit st dsery = 1.00
' t dext = 1.00

mation and based on S4.6.2.1, the live load
cks are tabulated in Table 2-2. The live load
2n for tenth points for Bays 1 through 4. Multiple

are included, but dynamic load allowance is excluded.

2-7

Design Step 2 - Concrete Deck Design

AASHTO Spec.

S3.6.1.3.1

STable 3.4.1-1

STable 3.6.1.1.2-1

S9.5.3&S55.3.1

S5.5.4.2
S1.3.21
S1.3.21




Design Step 2 - Concrete Deck Design

FHWA LRFD Steel Bridge Design Example

AASHTO Spec.
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Design Step 2.7 - Compute Factored Positive and Negative
Design Moments

For this example, the design moments will be computed two different
ways.

For Method A, the live load portion of the factored design moments
be computed based on the values presented in Table 2-2. Table 2-
represents a continuous beam analysis of the example deck using a
finite element analysis program.

For Method B, the live load portion of the factored design moments
be computed using STable A4.1-1. In STable A4.1-1, momg 0

various bridge cross sections. The values in STable
slightly higher than the values from a deck analysis b
number of beams and the actual overhagg len

load moment is obtained from the table D&sed iIrder spacing.
For girder spacings between the values list the i
can be used to get the moment.

Based on Design Step 1, the lo
shown throughout the design exa . esign Step 1 for a
discussion of eta.

Factored Positive Desig

Factored positive livef@ad

The positive, negati d overhang moment equivalent strip
equatio resente Figure 2-2 below.

Positive Moment

=26.0 + 6.6S _
ng Moment Negative Moment

+10.0X =48.0 + 3.0S

\ J
I I I I X

Figure 2-2 Equivalent Strip Equations for Various Parts of the
Deck
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The width of the equivalent strip for positive moment is:

26.0 + 6.6S"

Wposstripa

For S =975 ft

Wposstripa 90.35in or Wposstripa = 7.53ft

Based on Table 2-2, the maximum unfactored positive live load
moment is 36.76 K-ft, located at 0.4S in Bay 1 for a single truck. Th
maximum factored positive live load moment is:

36.76K-ft

MuposliveA = yLL (1 +IM)-
Wposstripa

K-ft
MUposﬁveA =11.36 T

Factored positive dead load moment: ‘

, and future
in Bay 2 at a
d load moment is

Based on Table 2-1, the maximum unfactor
wearing surface positive dead lpad mQane
distance of 0.4S. The maxim
as follows:
: K-ft
Muposdead = YpDCmax pDCmax'(o-lg'f—t)

It should be noted that the total maximum factored positive moment is
comprised of the maximum factored positive live load moment in Bay 1
at 0.4S and the maximum factored positive dead load moment in Bay 2
at 0.4S. Summing the factored moments in different bays gives a
conservative result. The exact way to compute the maximum total
factored design moment is by summing the dead and live load moments
at each tenth point per bay. However, the method presented here is a
simpler and slightly conservative method of finding the maximum total

AASHTO Spec.

STable 4.6.2.1.3-1

factored moment.
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Factored Positive Design Moment Using STable A4.1-1 - Method B
Factored positive live load moment:

For a girder spacing of 9'-9", the maximum unfactored positive live load | STable A4.1-1
moment is 6.74 K-ft/ft.

This moment is on a per foot basis and includes dynamic load
allowance. The maximum factored positive live load moment is:

K-ft
MuposliveB = YLL'6-74?

K-ft
MuposliveB = 11.80 'S

Factored positive dead load moment:

The factored positive dead load moment for Method
that for Method A:
T ¢

MUposdead = OSST

The total factored positive desjgn maq, d B is:

MupostotalB = MUposliveB +

MupostotalB = 12.64

Comparing Methodg ifi€rence between the total factored

Method A or Method B

*/ It can be seen that the tabulated values based on
= STable A4.1-1 (Method B) are slightly greater than the

computed live load values using a finite element
analysis program (Method A). For real world deck
design, Method B would be preferred over Method A
due to the amount of time that would be saved by not
having to develop a finite element model. Since the
time was spent to develop the finite element model for
this deck design, the Method A values will be used.
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Factored Negative Design Moment Using Table 2-2 - Method A
Factored negative live load moment:

The deck design section for a steel beam for negative moments
and shear forces is taken as one-quarter of the top flange width
from the centerline of the web.

< bf
Ya b,
Design L
section j )
Figure 2-3 L on o i ection

The width of equivalent strip for negative moment is:

[ |
Wnegstripa = 480 + 3OS

Wnegstripa = 7725|n or Wnegstripa = 644ﬁ:

2-12
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Based on Table 2-2, the maximum unfactored negative live load
moment is -29.40 K-ft, located at 0.0S in Bay 4 for two trucks. The
maximum factored negative live load moment is:

—29.40K-ft

MunegliveA = vLL (1 +IM)-
Whnegstripa

K-ft
MunegliveA = —10.63 H

Factored negative dead load moment:

From Table 2-1, the maximum unfactored negative dead load mom
occurs in Bay 4 at a distance of 1.0S. The maximum facto [
dead load moment is as follows:

K-ft
Munegdead = YpDCmax'(_o'74.?)

K-
+ YpDCmax'(_1-66' ) :

ft

K-ft
Munpegdead = —3.09 Y

The total factored negativ [ ent for Method A is:

MunegtotalA =

Factored ative Design Moment Using STable A4.1-1 - Method B

Factored negatile live load moment:

For a girder spacing of 9'-9" and a 3" distance from the centerline of STable A4.1-1
girder to the design section, the maximum unfactored negative live load
moment is 6.65 K-ft/ft.

If the distance from the centerline of the girder to the design section
does not match one of the distances given in the table, the design
moment can be obtained by interpolation. As stated earlier, these
moments are on a per foot basis and include dynamic load allowance.
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The maximum factored negative live load moment is:

K-ft
MUnegliveB = YLL '_6'65f_t

K-ft
MunegliveB = —11-64f—t

Factored negative dead load moment:

The factored negative dead load moment for Method B is the sam
that for Method A:

K-ft
Munpegdead = —3.09 e

The total factored negative design moment for Method8&is:

MunegtotalB = MUnegliveB + MUnegdead

K-ft
MupegtotaiB = —14.73 e

Comparing Methods A and ce between the total factored

design moment for the tw

MunegtotalB — MufEgtota

Munegtotal

ethod A or Method B

can be seen that the tabulated values based on
able A4.1-1 (Method B) are slightly greater than the
puted live load values using a finite element
anhalysis program (Method A). For real world deck
design, Method B would be preferred over Method A
due to the amount of time that would be saved by not
having to develop a finite element model. Since the
time was spent to develop the finite element model for
this deck design, the Method A values will be used.
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Design Step 2.8 - Design for Positive Flexure in Deck

The first step in designing the positive flexure steel is to assume a bar
size. From this bar size, the required area of steel (As) can be
calculated. Once the required area of steel is known, the required bar
spacing can be calculated.

Reinforcing Steel for
Positive Flexure in Deck

Figure 2-4 Reinforcing Ste sitl lex in Deck

Assume #5 bars:
bar_diam = 0.625in
bar_area = 0.3

Solve for the required amount of reinforcing steel, as follows:

¢f = 0.90 S5.5.4.2.1
b = 12in
Mu -12in
RN = p03t°ta'A2 RN = o.3o£2
(¢f-b-de ) in
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S AASHTO Spec

oo B

p = 0.00530

Note: The above two equations are derived formulas that can be fougd
in most reinforced concrete textbooks.

b in2
As = p-—-d Ag = 0.43—
s =P ft e S ft
bar_area _ 8.7
Required bar spacing = As - n

Use #5 bars @ bar_space = 8.0in
Once the bar size and spacing are know , inforcement |[S5.7.3.3.1
limit must be checked.
T = bar_area-fy
a-= C
0.85-f'¢- bar spac

By = 0.85

S5.7.2.2

S5.7.2.2

S5.7.3.3.1

0.12 < 0.42 OK
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Design Step 2.9 - Check for Positive Flexure Cracking under
Service Limit State

The control of cracking by distribution of reinforcement must be
checked.

For members in severe exposure conditions: Z = 130_5

in
Thickness of clear cover used to compute d¢ bar dia
should not be greater than 2 inches: dc = lin+ —=

Concrete area with centroid the same as
transverse bar and bounded by the cros
section and line parallel to neutral axis: %

The equation that gives the allo ervice load stress

for crack control is:

Z
fsa =

(de-Ac)

foq = 0.6f, = 36.00ksi

Use 36.00ksi

2-17
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#5 bars
diameter = 0.625 in
cross-sectional area = 0.31 in?

/
/

15/16"

e
8" 8" g

< e »le »

Figure 2-5 Bottom Transverse Reinforcement

Eq = 29000ksi

Ec = 3640ksi
E

n=_— h=7.97
Ec

Use n =38

Service positive live load

Based on Table 2-2, t ctored positive live load

Bay 1 for a single truck. The
oment is computed as follows:

36.76K-ft

Wposstripa

K-ft

MuposliveA = 6.49 e

2-18
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N AASHTO Spec.

Service positive dead load moment:

From Table 2-1, the maximum unfactored slab, parapet, and future
wearing surface positive dead load moment occurs in Bay 2 at a
distance of 0.4S. The maximum service positive dead load moment is
computed as follows:

YpDCserv = 1.0 STable 3.4.1-1

YpDwserv = 1.0 able 3.4.1-1

K-ft K -ft
Muposdead = YpDCserv'(O'SS'T) +YpDCSerV'(O.lg-—\ _

K-ft
+ YpDWserv'(O-og'T)

K-ft
MupOSdead = 066T ‘\A

The total service positive design mom

MupostotalA = MuposliveA + dead

k=(pn)2+(2pn) —pon

k =0.262

k-de = 1.75in
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b O Integral wearing surface
Y
bl
A
y Neutral
Y .
i% ] axis
) <
0 (o)) = T
< #5 bars @ 8
| ©/ in spacing
Y
y - y
—
™
—

Figure 2-6 Crack Control for Positive Reinforcement
Loads

Once kde is known, the transformed mo‘nt
computed:

de = 6.69in
in2

As = 0.465—
ft

- L)

in4
lt = 112.22 —
ft

(k-de) *fn-As-(dga

Now, th in einforcement can be computed:

y = de —k-de y = 4.94in
in
n- (M UpostotalA 12 — 'y\
ft ")
fs =
It
fs = 3023 kS| fsa > fs OK
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B AASHTO Spec.

Design Step 2.10 - Design for Negative Flexure in Deck

The negative flexure reinforcing steel design is similar to the positive S4.6.2.1
flexure reinforcing steel design.

Reinforcing Steel for
Negative Flexure in Deck

Figure 2-7 Reinforcing Steel for Negativ

Assume #5 bars:
bar_diam = 0.625in
bar_area = 0.31in2

Effective depth, dg =tQ thickn&8s - top cover - 1/2 bar diameter

de =_ts— Covert = de = 5.69in

Solve fo of reinforcing steel, as follows:

of S5.5.4.2.1
b = 12in
—Mu -12in

Rn = — 0o Rn = 0.47-

f .
p = 0.85(—0\- 1.0—]1.0—&

fy ) (0.85:f'¢)
p = 0.00849
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b in
A = -—-d A = 0.58_
s =P ft e s ft
Required bar spacing = bar_area = 6.4in
S
Use#5bars @ bar_space = 6.0in
Once the bar size and spacing are known, the maximum reinforce 7.3.3.1
limit must be checked.
T = bar_area-fy T = 18.60K
a = T a = 0.91in

0.85-f'c-bar_space
B1 = 0.85 ‘

S5.7.2.2

S5.7.2.2

S5.7.3.3.1

for Neqgative Flexure Cracking under
Service Limit State

Similar to the itive flexure reinforcement, the control of cracking by |S5.7.3.4
distribution of reinforcement must be checked.

Z = 130_E
in

Note: clear cover is greater than 2.0 inches; therefore, use clear cover |S5.7.3.4
equals 2.0 inches.
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de = 2in+ w de = 2.31in
2
Ac = 2-(dc)-bar_space Ac = 27.75in
fsq = _z where fsa < 0.6-f
sa = 1 sa < 0.6-1y
3
(de-Ac)
foq = 32.47ksi 0.6f, = 36.00ksi

Use fgq = 32.47ksi

\ 4

From Table 2-2, the maximum unfact eg live load moment is
-29.40 K-ft, located at 0.0S in 4 ck e maximum
service negative live load mome

Service negative live load moment:

v = 1.0

Service ne dead load moment:

From Table 2-8pthe maximum unfactored negative dead load moment
occurs in Bay 4 at a distance of 1.0S. The maximum service negative
dead load moment is computed as follows:

YpDCservice = 1.0 YpDWservice = 1.0

K-ft K-ft
Munegdead = YpDCServiCe'(_o.74'? — 166—\

ft j
+ K-ft
YpDWservice-(—O_oe._)

2-23
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K-ft
MUnegdead = —2.46 H

The total service negative design moment is:
MunegtotalA = MUnegliveA + MUnegdead

K-ft
MunegtotalA = —8-53?

.2
de = 5.69in As = 0.62% n=8

p = 0.00908

e
4
K =(pn)?+(2:pn) = pon
S:ars@

0 in spacing

k = 0.315
k-de = 1.79in

8.50”

Neutral
axis

Figure 2-8 Crack Control for Negative Reinforcement under Live
Loads

AASHTO Spec.
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Once kde is known, the transformed moment of inertia can be

computed:
de = 5.69in
in2
As = 0.62—
ft

Ll
I = 5-(12%)(k-de)3 +n-Ag-(de - k-de)?
in4
I = 98.38
f

Now, the actual stress in the reinforcement can be comp

ft
Munegtotala = —8.53 K'E y = de—k-de

ny ®

n-| —Mu 12
( negtotalA f yj

fe =
S |t

fs = 32.44ksi fsa > fs

Design Step 2.12 - D in Deck Overhang

Bridge deck overha ust be designed to satisfy three different SAl13.4.1
design [ esign case, the overhang must be designed

for horiz@ S longitudinal) vehicular collision forces.

For the sé e, the overhang must be designed to resist

the vertica . Finally, for the third design case, the
overhang mWSt be designed for dead and live loads. For Design
Cases 1 and®@Athe design forces are for the extreme event limit state.
For Design Cage 3, the design forces are for the strength limit state.
Also, the deck overhang region must be designed to have a resistance |CA13.3.1
larger than the actual resistance of the concrete parapet.
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3-11%"

1-5Y,"

/ Parapet C.G.

O” ‘ 1|_6”

6.16"

3"

L -

lWheeI load

A
9"
¥
Overhang
design
section

Figure 2-9 Deck Overhang

&emforcing Steel for
ure in Deck Overhang
C 7

Figure 2-10 Reinforcing Steel for Flexure in Deck Overhang

Loading
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Design Case 1 - Design Overhang for Horizontal Vehicular
Collision Force

The horizontal vehicular collision force must be checked at the inside
face of the parapet, at the design section in the overhang, and at the
design section in the first bay.

Case 1A - Check at Inside Face of Parapet

The overhang must be designed for the vehicular collision plus dead
load moment acting concurrently with the axial tension force from

vehicular collision.

For the extreme event limit state:

¢ext = 1.0

prC = 1.25

\ 4

Mco = 28.21 K-:—I (see parapet propert

%in Okcf) - (NQBT5ft)
12 n

Mpcdeck = YpDC* < r

Mpc =0.15 :

Mbcpa

K-ft
MDCpar = 061f_t

Mutotal = Mco + Mbpcdeck + MDCpar

MUtota| = 2897 KTft

2-27
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The axial tensile force is:

Rw
~ Le+ 2Hpar

Before the axial tensile force can be calculated, the terms L. and Ry,

need to be defined.

L. is the critical wall length over which the yield line mechanism occur

Le = —+
c 2

Ly ](Lt\z 8-H-(Mp + My-H) l

2) 7 M

Since the parapet is not designed in this design example,
involved in this calculation are given below:

Lt =4 ft longitudinal Jength
force F;
Mp =0 K-ft*
M. = 1600 KTt~
ft

My = 18.52 K-ft*

2-28
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o AASHTO Spec.

Rw is the total transverse resistance of the railing and is calculated using| SA13.3.1
the following equation for impacts within a wall segment:

M-Le2 )

2 )
Ry = | —2—— 1./ 8:Mp + 8My-H
w (Z-LCLU( b SMw

)

Rw =117.36 K

use Ry = 117.40K

Now, the axial tensile force is:

T= 5.92E
ft

The overhang slab thickness is:  tg = 9.0in

For #5 bars:  bar_diam = 0.625in

bar_di

de = to — Cover; —

Use Ag

1.24% (2 - #5 bars bundled at 6.0 in)
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N AASHTO Spec.

Once the required area of steel is known, the depth of the compression
block must be checked:

Ta = Asfy Ta = 7440%

C=Taq-T C= 68.48f—Kt Use C = 68.48Ke
B C

4= 085fb a = 1.68in

d .
Mp = Ta-(de—g\—r(—e—i\ Mo = 32,0551

) (2 2)

Mr = dext-Mn My = 32.05KT'ft

My > Mutotal OK
a

c=— C .97in S5.7.2.2
P1

£ _o032 ere <0.42 $5.7.3.3.1

de de

0.32 <

Case 1B - Chetk at Design Section in Overhang

The collision forces are distributed over a distance L. for moment and
L. + 2H for axial force. When the design section is moved to 1/4by
away from the girder centerline in the overhang, the distribution length
will increase. This example assumes a distribution length increase
based on a 30 degree angle from the face of the parapet.
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3-11%"

1-5va" |

30°

30°

Figure 2-11 Assumed Distribution of Collision Moment
Load in the Overhang
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For the extreme event limit state:

Pext = 1.0 S1.3.2.1
YpDC = 1.25 STable 3.4.1-2
Yppw = 1.50 STable 3.4.1-2
Lc = 12.84ft (see parapet properties)

Mco = 28.21Kf—'tft (see parapet properties)

Mco-Lc K-ft

Mg = ——2 € Mcg = 23.46~"
B = .+ 2-1.30f cB T

Factored dead load moment:

Mpcdeck = YpDC*

K-ft
Mpcdeck = 0-96T

2.5in)

(Wiws) -(3.6875ft — 1.4375ft)°

Mpwifws = YpDw-

Mpwisws = 0.11 KTﬂ
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Mutotal = McB + Mpcdeck + Mpcpar + Mpwiws

Mutotgl = 26.63 K-%

The axial tensile force is: SA13.4.2

T Rw
L+ 2Hpar + 2+(1.30ft)

T= 5.23E
ft
The overhang slab thickness is: to = 9.0in

For #5 bars:  bar_diam = 0.625in €

de = to — Cover; —
The required area of reinfor, eel mputed as follows:

b = 12in

in
-d Ag = 0.97 —
e S ft

As = p-

The above required reinforcing steel is less than the reinforcing
steel required for Case 1A.
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Case 1C - Check at Design Section in First Span

The total collision moment can be treated as shown in Figure 2-12.
The moment ratio, M2/M1, can be calculated for the design strip. One
way to approximate this moment is to set it equal to the ratio of the
moments produced by the parapet self-weight at the 0.0S points of the
first and second bay. The collision moment per unit width can then be
determined by using the increased distribution length based on the
degree angle distribution (see Figure 2-11). The dead load moment
at this section can be obtained directly from Table 2-1.

\ 4

M

1

Figure 2-12 Assumed Distribution ion Moment

Across the Wid

Collision moment at exterior

Mo = —28.21 K1t

Parape -weight m nt at Girder 1 (0.0S in Bay 1):

Parapet self-W&ight moment at Girder 2 (0.0S in Bay 2):

Paro = 0.47 Kf—tft

Collision moment at 1/4b; in Bay 1:

Par .
Mo = My- 2) My = 7.99 KM
Pary ) ft
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S AASHTO Spec

By interpolation for a design section at 1/4b; in Bay 1, the total
collision moment is:

(_MCO + M2)

M = Mco + 0.25ft-
cM2M1 co 9 75t

Mcm2m1 = —27.28Kf—.tft

As in Case 1B, the 30 degree angle distribution will be used:

¢ext = 1.0

YppC = 1.25 ble 3.4.1-2

Ypow = 1.50 STable 3.4.1-2

Mcm2m1 = —27.28Kf—.tft

_ Memami-le
Lc + 2-(1.59ft)

Mcc

Factored dead load mgmeRi(from Tallle 2-1):

7 KM

ft )

= YpDC’

Mpcde

ft
K-ft))

1 -1.66——
DC( ft j

K-ft
MDCpar = _208f_t

Mbpcpar =

K-ft
Mbwfws = YpDW'(‘O-O6T)

Mpwisws = —0.09 KTft
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Mutotal = Mcc + Mbcdeck + Mbcpar + Mbwiws

MUtota| = —2496 KTft

The axial tensile force is: SA13.4.2
R
T = w
Lc + 2Hpar + 2-(1.59ft)
T= 5.10E
ft
Use a slab thickness equal to: ts = 8.50in :
For #5 bars: bar_diam = 0.625in ‘
de = tg— Covery — w 691
The required area of reinforcing ste@his comp as follows:
b = 12in

—Mutotal-
Rn =

in
-d A =1.01—
e S ft

The above required reinforcing steel is less than the reinforcing
steel required for Case 1A.
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Design Case 2 - Design Overhang for Vertical Collision Force

For concrete parapets, the case of vertical collision force never
controls. Therefore, this procedure does not need to be considered in
this design example.

Design Case 3 - Design Overhang for Dead Load and Live Load

Case 3A - Check at Design Section in Overhang

The resistance factor for the strength limit state for flexure and ten
in concrete is:

dstr = 0.90

The equivalent strip for live load on an overhang is:
]
Woverstrip = 45.0 + 10.0-X ‘

For X = 1.25 ft

Woverstrip = 45.0 + 10.0X

or er = 4.79ft
fac 1 for one lane loaded.

ce of 0.33.

Woverstrip = 57.50 in

Use a multiple pres

Design fac moment:
TLL =
YpDC = 1
Ypow = 1.50

9.0in}

(We)-(3.6875ft)°

121

ft )

Mpcdeck = YpDC*

2-37

AASHTO Spec.

SA13.4.1

SA13.4.1

STable 4.6.2.1.3-1

STable 3.6.1.1.2-1

STable 3.6.2.1-1

STable 3.4.1-1
STable 3.4.1-2
STable 3.4.1-2



FHWA LRFD Steel Bridge Design Example Design Step 2 - Concrete Deck Design

i AASHTO Spec

K-ft
Mpcdeck = 0-96f—t

6.16in
MDCpar = 'YpDCWpar 3.6875ft — - \
1200

ft )

K-ft
MDCpar = 210f—t

2.5-in) 2

ft )

-(3.6875-ft — 1.4375-ft)

Mbwfws = Yppw:Wiws:

Mpwifws = 0.11 KTﬁ

MLL = yrL (1 +1M)-(1.20)-

ML = 11.66Kf—:[ft

fws + MLL

Mutotal = MDCdeck + par t

ft

cq 'of steel:

bar_diam = 0.625in

de = to — Cover; — M

de = 6.19in

b = 12in
Mutotal-12in

Rn = LZ Rn = 0.43£2
(¢str‘b'de ) in
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o = 0.85(2—3{ 1.o—j1.o—%}

p = 0.00770
.2
b in
A = p-—-d Ag = 0.57—
S P ft e S ft

The above required reinforcing steel is less than the reinforcing
steel required for Cases 1A, 1B, and 1C.

Case 3B - Check at Design Section in First Span

Use a slab thickness equal to:  tg = 8.50in

The dead and live load moments are ta
The maximum negative live load mome
negative live load moment is produced by
compute the equivalent strip based on a mo
of girder.

Since the

arm to the centerline

Design factored moment:

yLL =1.75

Woverstrip

Woverstrip = 60.00 in  or Woverstrip = 9-00ft
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K-ft
MbcCdeck = YpDC'(‘O-74 T)

K-ft
Mpcdeck = —0.93 T

K-ft)
M = | -1.66 —
DCpar YpDC( ft j

K-ft
MDCpar = —ZOST

K-ft)

M = [ -0.06 —
DWfws = YpDW ( ft j
K-ft
Mpwifws = —0-09T ‘

. 2948 1)

ML = yp(1+
Wovers

ML = —1:.’>.69Kf—:[ft

Mutotal = Mbcde

MUtgih= —16.78

Calculate of steel:

For #5 ba bar_diam = 0.625in
de = ts— Covert — M
de = 5.69in

b = 12in

2-40
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B AASHTO Spec.

—Mu -12in
Rn — le Rn = 0.58%
(¢str'b'de ) in
f )
p = 0.85(—0\- 1.0—]1.0—&
fy ) (0.85:f'¢)
p = 0.0106
.2
b in
As = p-—-d Ag = 0.72—
S p ft e S ft

The above required reinforcing steel is less than the rginf
required for Cases 1A, 1B, and 1C.

The required area of reinforcing steel in& 0 is\he largest of
that required for Cases 1A, 1B, 1C, 3A, an

Case 1A controls with:

The negative flexure reinfor,
2.10and 2.11 is:

#5 bars at 6.0 inch ar_

Since the area of reinforcing steel required in the overhang is greater
than the area of reinforcing steel required in the negative moment
regions, reinforcement must be added in the overhang area to satisfy
the design requirements.
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Bundle one #5 bar to each negative flexure reinforcing bar in the
overhang area.

. 2 :
The new area of reinforcing steel is now: Ag = 2.[0_31.ﬂ (12'“\

ft )\ 6in )

. 2

n
Ac = 1.2400
S ft

Once the required area of reinforcing steel is known, the depth of t
compression block must be checked. The ratio of c/de is more criti
at the minimum deck thickness, so c/de will be checked in Bay 1 w
the deck thickness is 8.5 inches.

demin = tg — Covert — M
demin = 5.69in
K
T = Asy T = 74.408
ft
T

4~ 085f.b  a=182in

OK

Design Step 2¥13 - Check for Cracking in Overhang under Service

Limit State

Cracking in the overhang must be checked for the controlling service
load (similar to Design Steps 2.9 and 2.11). In most deck overhang
design cases, cracking does not control. Therefore, the computations
for the cracking check are not shown in this deck overhang design
example.
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Design Step 2.14 - Compute Overhang Cut-off Length Requirement

Design Step 2 - Concrete Deck Design
AASHTO Spec.

The next step is to compute the cut-off location of the additional #5 bars
in the first bay. This is done by determining the location where both the

dead and live load moments, as well as the dead and collision load

moments, are less than or equal to the resistance provided by #5 bars

at 6 inch spacing (negative flexure steel design reinforcement).

Compute the nominal negative moment resistance based on #5 bars

6 inch spacing:
bar_diam = 0.625in

bar_area = 0.31in2

de = ts— Cover; — bar_dia

de = 5.69in

T = Asfy = Use

a-= a=0.91lin
Mp = A
Mp = 16.22—']ct

ft

Compute the nominal flexural resistance for negative flexure, as

follows:
Mr = ¢¢Mn
M, = 14.60K—'ft
ft

bar_area (12in\
As = 1=
ft 6in ]
in
A \
ft

T = 37.20K




FHWA LRFD Steel Bridge Design Example Design Step 2 - Concrete Deck Design
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Based on the nominal flexural resistance and on interpolation of the
factored design moments, the theoretical cut-off point for the additional
#5 bar is 3.75 feet from the centerline of the fascia girder.

The additional cut-off length (or the distance the reinforcement must S5.11.1.2
extend beyond the theoretical cut-off point) is the maximum of:

The effective depth of the member: deg = 5.69in

15 times the nominal bar diameter: 15-0.625in = 9.38in

1/20 of the clear span: %-(9.751%-12 E\ = 5.85in

ft )

Use cut _off = 9.5in

The total required length past the centerline of the fag@ia into
first bay is:
cut_offiotgl = 3.75ft-12$ + cut_off ‘ \

CUt_Oﬁtota| = 54.50in

Design Step 2.15 - Compute O ng De ment Length

dp = 0.625 in
Ap = 0.31 in

fo = 4.0 ksi

The basic ngth is the larger of the following: S5.11.2.1.1

11.63in  or 0.4.dp-fy = 15.00 in or 12in

Jre

Use Ig = 15.00in

The following modification factors must be applied: S5.11.2
Epoxy coated bars: 1.2 S5.11.2.1.2
Bundled bars: 1.2 S5.11.2.3
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Spacing > 6 inches with more than 3 inches
of clear cover in direction of spacing: 0.8 S5.11.2.1.3

lg = 15.00in-(1.2)-(1.2)-(0.8)

lg = 17.28in Use Ig = 18.00in

The required length past the centerline of the fascia girder is:

3.0in + Ig = 21.00in

21.00in < 54.50in  provided

Bay 1
design
section
th
|
1 T
, ' 94" Cut-off
#5bars @ 6 i length
(bundled bar |
Figure 2
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Design Step 2.16 - Design Bottom Longitudinal Distribution
Reinforcement

The bottom longitudinal distribution reinforcement is calculated based S9.7.3.2
on whether the primary reinforcement is parallel or perpendicular to

traffic.
Bottom Longitudinal
Distribution Reinforcement
¢, . 4 . - .

ion inforcement

For this design example, the prima t is perpendicular to

traffic.

Se = 9.25 ft

Asbotgercent = where  Aspotlong < 67%

For this design example, #5 bars at 8 inches were used to resist the
primary positive moment.

bar_diam = 0.625in

bar_area = 0.31in2

12in)
8in J

As ft = bar_area(
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N AASHTO Spec.

.2
As ft = 0.465%

Asbotlong = Asbotpercent'As_ft

. 2

In
Aspotlong = 0.31 3

Calculate the required spacing using #5 bars:

) bar area
spacing = —————

Asbotlong
spacing = 1.00ft or spacing = 11.94in
Use spacing = 10in ‘

Use #5 bars at 10 inch spacing for the bott ngit
reinforcement.

Design Step 2.17 - Design T itu Di ution
Reinforcem

O

Top Longitudinal
Distribution Reinforcement

Figure 2-15 Top Longitudinal Distribution Reinforcement
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B AASHTO Spec.

The top longitudinal temperature and shrinkage reinforcement must S5.10.8.2

satisfy:

Ag"

As > 0.11—
fy

. . 2
Ag = 8.5in-(12.om Ag = 102.00 -
t ft

ft )

A . 2
0.11-9 - 0.19.
f, ft

When using the above equation, the calculated area of rei
steel must be equally distributed on both concrete faces.
the maximum spacing of the temperature and shrinkage
must be the smaller of 3.0 times the deck thickness

The amount of steel required for the tongt

Asreq =

Use #4 bar 0 inch spacing for the top longitudinal temperature and
shrinkage refg@iercement.
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Design Step 2.18 - Design Longitudinal Reinforcement over Piers

If the superstructure is comprised of simple span precast girders made
continuous for live load, the top longitudinal reinforcement should be
designed according to S5.14.1.2.7. For continuous steel girder
superstructures, design the top longitudinal reinforcement according to
S6.10.3.7. For this design example, continuous steel girders are used.

Longitudinal
Reinforcement over Piers

not be less than 1 percent S6.10.3.7

of the total slab cross-sec bars must have a
specified minimum vyi ast 60 ksi. Also, the bar size

cannot be larger th

Deck crgss section:

Adeck

As_l_percent = 0.01-Adeck
. 2
in”

As 1 percent = 1.02 P
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o AASHTO Spec.

Two-thirds of the required longitudinal reinforcement should be placed |S6.10.3.7
uniformly in the top layer of the deck, and the remaining portion should
be placed uniformly in the bottom layer. For both rows, the spacing
should not exceed 6 inches.

.2 .2
2) in 1) in
— A = 0.68— — A =0.34—

( 3) s_1_percent ( 3) s_1_percent P

Use #5 bars at 5 inch spacing in the top layer.

in” (12in\

Asprovided = 0.31—-

ft \ 5in )
. 2 .2
in n
Asprovided = O74f_t > 068? OK

Use #5 bars at 5 inch spacing in the bol‘n la
maximum spacing requirement of 6 inches.

. 2
In

ft

Asprovided =031

. 2
in
Asprovided = 0-74f—t

2-50



FHWA LRFD Steel Bridge Design Example Design Step 2 - Concrete Deck Design

B AASHTO Spec.
Design Step 2.19 - Draw Schematic of Final Concrete
Deck Design
#5 @ 6 in

(bundled bar) #15 @¢6in
215" Cl. ) 5472

Y
SR’
¢, 2 oJg o,
9" LTF‘ t1"C|.
#5 @ 10 in #5 @ 8in
#4 @ 10 in ‘

13

Figure 2-17 Superstructure Positive Mo

5" Cl.

A
g 81/2"
A

Figure 2-18 Superstructure Negative Moment Deck Reinforcement
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Steel Girder Design Example
Design Step 3
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Design Step 3.1 - Obtain Design Criteria

The first design step for a steel girder is to choose the correct design
criteria.

The steel girder design criteria are obtained from Figures 3-1 through
3-3 (shown below), from the concrete deck design example, and from
the referenced articles and tables in the AASHTO LRFD Bridge
Design Specifications (through 2002 interims). For this steel girder
design example, a plate girder will be designed for an HL-93 live load.
The girder is assumed to be composite throughout.

Refer to Design Step 1 for introductory information about this desig
example. Additional information is presented about the desjg

the steel girder.

A E

«— @ Bearings
Abutment 1

120-0”

Bearings
utment 2 —»

Legend:
E = Expansion Bearin

F = Fixed Bearings

Span@onfiguration

46'-10%"

1 2|_017 J‘ 1 ol_on | 1 "5‘%"
Lane """ Shoulder
36" (Typ.)! I

T I f
311" 4 Spaces @ 9'-9” = 39’-0”

3-11%"

Figure 3-2 Superstructure Cross Section
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IA Girder Spacing
W/
*/ Where depth or deflection limitations do not control the
s design, it is generally more cost-effective to use a

wider girder spacing. For this design example, the
girder spacing shown in Figure 3-2 was developed as
a reasonable value for all limit states. Four girders are
generally considered to be the minimum, and five
girders are desirable to facilitate future redecking.
Further optimization of the superstructure could be
achieved by revising the girder spacing.

I& Overhang Width

*/ The overhang width is generally deter
the moments and shears in the exterior
similar to those in the interigr gird
overhang is set such that tR€ po
moments in the deck slab ar
rule of thumb is to make the ov
0.35 to 0.5 timesghe gi [

Cross Frame (Typ.) mmetrical about € Pier —

4 Spaces at
9!_9" = 39!_0"

.

6 Spaces at 20'-0" = 120'-0”

¢ Girder (Typ.)

H ¢ Bearing Abutment ¢ Pier —

Figure 3-3 Framing Plan
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<10

\\!/'

\ ~

Cross-frame Spacing

A common rule of thumb, based on previous editions
of the AASHTO Specifications, is to use a maximum
cross-frame spacing of 25 feet.

For this design example, a cross-frame spacing of 20
feet is used because it facilitates a reduction in the

required flange thicknesses in the girder section at the
pier.

This spacing also affects constructibility checks for
stability before the deck is cured. Currently,
stay-in-place forms should not be considere
provide adequate bracing to the top flange.

K = 1000Ib kef = — k

Design criteria:

K

Number of spans:
Span length:

Skew angle:

Number of girders$

= 9.75ft
Overhang = 3.9375ft

Lp = 20ft S6.7.4

Fyw = 50ksi STable 6.4.1-1
Flange yield strength: Fyf = S0ksi STable 6.4.1-1
Concrete 28-day S§5.4.2.1 &
compressive strength: ¢ = 4.0ksi STable C5.4.2.1-1

Reinforcement

strength:

fy = 60ksi S$56.4.3& S6.10.3.7
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Design criteria (continued):

Total deck thickness: tdeck = 8.5in
Effective deck thickness: tefigeck = 8.0in
Total overhang thickness: toyerhang = 9.0in

Effective overhang

thickness: teffoverhang = 8.5in
Steel density: Wsg = 0.490kcf
Concrete density: W¢ = 0.150kcf
Additional miscellaneous K

dead load (per girder):  Wmisc = 0'015E

Stay-in-place deck form
Welght Wdeckforms = 0.015ksf

Parapet weight (each):  Wpgr = 0'53E

Future wearing surface:

Future wearing
surface thickness:

Deck width:
Roadway width:

Haunch depth (fro _
dhaunch = 3.9in

AverageBe ADTTg = 3000

For this desig ample, transverse stiffeners will be designed in
Step 3.12. In addition, a bolted field splice will be designed in Step
4, shear connectors will be designed in Step 5.1, bearing stiffeners
will be designed in Step 5.2, welded connections will be designed in
Step 5.3, cross-frames are described in Step 5.4, and an
elastomeric bearing will be designed in Step 6. Longitudinal
stiffeners will not be used, and a deck pouring sequence will not be
considered in this design example.
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Design factors from AASHTO LRFD Bridge Design Specifications:

Load factors:

Load Combinations and Load Factors
Limit Load Factors
State DC | DW | LL M | WS | WL | EQ
Strength|l | 1.25 150 [ 1.75 | 1.75 - - -
Service |l 1.00 |1 1.00 | 1.30 | 1.30 - - -
Fatigue - - 1075[075] - - -

Table 3-1 Load Combinations and Load Factors

The abbreviations used in Table 3-1 are as defined in

The extreme event limit state (including earthquakg lo
generally not considered for a steel girder design!

Resistance factors: ‘

Resistance Facto
Type of Resistance ista actor, ¢
For flexure

For shear

For axial compre

T Resista@ihce Factors
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Multiple Presence Factors

A 14

> 17 Multiple presence factors are described in S3.6.1.7.2.
‘/ They are already included in the computation of live

load distribution factors, as presented in S4.6.2.2. An
exception, however, is that they must be included when
the live load distribution factor for an exterior girder is
computed assuming that the cross section deflects
and rotates as a rigid cross section, as presented in
S$4.6.2.2.2d.

2
=
v

Since S3.6.1.1.2 states that the effects of the multiple
presence factor are not to be applied to the fatife
limit state, all emperically determined distrib
factors for one-lane loaded that are appljed
single fatigue truck must be divided by
the multiple presence factor for one lane
addition, for distribution fa‘rs C
lever rule or based on S4.6.2.
should not be included when
factor for one-lane loade
should also be
still applies to the
loaded for strength li

Dynamic load allowance: STable 3.6.2.1-1

llowance
Dynamic Load
Allowance, IM

15%
33%

able 3-3 Dynamic Load Allowance

Dynamic load allowance is the same as impact. The term
"impact" was used in previous editions of the AASHTO
Specifications. However, the term "dynamic load allowance" is
used in the AASHTO LRFD Bridge Design Specifications.
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Design Step 3.2 - Select Trial Girder Section

Before the dead load effects can be computed, a trial girder section
must be selected. This trial girder section is selected based on
previous experience and based on preliminary design. For this
design example, the trial girder section presented in Figure 3-4 will be
used. Based on this trial girder section, section properties and dead
load effects will be computed. Then specification checks will be
performed to determine if the trial girder section successfully resists
the applied loads. If the trial girder section does not pass all
specification checks or if the girder optimization is not acceptable,
then a new trial girder section must be selected and the design
process must be repeated.

Symmetrical about € Pier

14” x 5/8” Top Flange 7 14” x 1 1/4” Top Flange

Y 54” x 1/2” Web ‘

14” x 7/8” Bottom Flange A

— C Bolted

14" x 2 3/4”
Bottom Flange

84'-0”

«— @ Bearing Abutment € Pier —

Girder Elevation

the 5/8" top flange thickness in the positive
optimize the plate girder. It also satisfies
WHowever, it should be noted that some
yme fabricator concerns may call for a 3/4"

. In addition, the AASHTO/NSBA Steel
ation Document "Guidelines for Design for
Constructibilitf@recommends a 3/4" minimum flange thickness.

I& Girder Depth
\'\!/_r
‘/ The minimum girder depth is specified in STable
v 2.5.2.6.3-1. An estimate of the optimum girder depth
can be obtained from trial runs using readily available
design software. The web depth may be varied by
several inches more or less than the optimum without
significant cost penalty.
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& IA Web Thickness

N/
“/ A "nominally stiffened" web (approximately 1/16 inch
= thinner than "unstiffened") will generally provide the

least cost alternative or very close to it. However, for
web depths of approximately 50 inches or less,
unstiffened webs may be more economical.

& IA Plate Transitions

“/ A common rule of thumb is to use no more than three
s plates (two shop splices) in the top or bottom
field sections up to 130 feet long. In some q@8

single flange plate size can be carried throu

length of the field section.

The above tips¥are presented to help bridge designers in developing
an economical steel girder for most steel girder designs. Other
design tips are available in various publications from the American
Institute of Steel Construction (AISC) and from steel fabricators.
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Design Step 3.3 - Compute Section Properties

Since the superstructure is composite, several sets of section
properties must be computed. The initial dead loads (or the
noncomposite dead loads) are applied to the girder-only section.
The superimposed dead loads are applied to the composite section
based on a modular ratio of 3n or n, whichever gives the higher
stresses.

& I& Modular Ratio

‘_\!//
‘/ As specified in S6.70.3.1.1b, for permanent loads
= assumed to be applied to the long-term composite
section, the slab area shall be transformed by

stresses.

Using a modular ratio of 3n for the supe
dead loads always gives hjgher s
section. Using a modular ratio,o
higher stresses in the concre
moment reversal regions where
n can become aggissu

stress in the deck®

The live loads are applied section based on a

modular ratio of n.

For girders with sh
length and with sla
S6.10.
service 3

ided throughout their entire
atisfying the provisions of
loads applied to the composite section for

Therefore, fo@this design example, the concrete slab will be assumed
to be fully effe@live for both positive and negative flexure for service
and fatigue limft states.

For this design example, the interior girder controls. In general, both
the exterior and interior girders must be considered, and the
controlling design is used for all girders, both interior and exterior.

For this design example, only the interior girder design is presented.
However, for the exterior girder, the computation of the live load
distribution factors and the moment and shear envelopes are also
presented.
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For the design of an exterior girder, the composite section properties
must be computed in accordance with S4.6.2.6.

The modular ratio is computed as follows:

W = 0.150 kcf
fio = 4.0 ksi
1.5 .

Ec = 33000-(WC )\/FC Ec = 3834 ksi
Es = 29000 ksi

E
n=— n=7.6

Ec

Therefore, use n = 8.

In lieu of the above computations, the nQuIa
obtained from S6.70.3.7.1b. The above co
simply to illustrate the process. Both the abo
S6.10.3.1.1b result in a modul i

omputations and

The effective flange width is comp

For interior beams, [ nge width is taken as the
least of:

1.

O uarte ective span length:

A e that the minimum, controlling
effe span length equals approximately
et(over the pier).

paneff = 60ft

Span
Wefr1 = p4 eff Wefr1 = 15.001t

2. 12.0 times the average thickness of the slab, plus
the greater of web thickness or one-half the width of
the top flange of the girder:

14in
Weff2 = 12-teffdeck + T

Wey = 8.58 1t
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3. The average spacing of adjacent beams:

Weff3 = S Weff3 = 9.75ft

Therefore, the effective flange width is:

Weffflange = min(Weff1 , Wefr2 , Weff3)

Weffﬂange = 858ft or
Weffﬂange = 1030|n

Based on the concrete deck design example, the total area of
longitudinal deck reinforcing steel in the negative moment regi

computed as follows:

. 2 Wettflan
Adeckreinf = 2x 0.31-in"-

. 2
Adeckreinf = 12-&'”

A 1o

W/

~/ For this design ex his 3.5 inches

That is, the bottom
of the slab is | . hes above the top of the

the centroid of the slab.
haunch is not considered in

e haunch depth is not known, it is conservative to
ssume that the haunch is zero. If the haunch varies, it
easonable to use either the minimum value or an

rage value.

Based on the trial plate sizes shown in Figure 3-4, the noncomposite
and composite section properties for the positive moment region are
computed as shown in the following table. The distance to the
centroid is measured from the bottom of the girder.
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AASHTO Spec.
Positive Moment Region Section Properties
Section Area, PZ\ Centroid, d[ A*d 1 nenes®) A*y? kotal
(Inches?) | (Inches) | (Inches®) (Inches*) | (Inches®)

Girder only:

Top flange 8.750 55.188 482.9 0.3 7530.2 7530.5

Web 27.000 27.875 752.6 6561.0 110.5 6671.5

Bottom flange 12.250 0.438 54 0.8 7912.0 7912.7

Total 48.000 | 25.852 | 12409 | 6562.1 | 15552.7 | 221
Composite (3n):

Girder 48.000 25.852 1240.9 22114.8 | 11134.4

Slab 34.333 62.375 2141.5 183.1 15566.5

Total 82.333 41.082 3382.4 | 22297.9 | 26700.8
Composite (n):

Girder 48.000 25.852 1240.9 22114.8

Slab 103.000 62.375 6424.6 549.3

Total 151.000 50.765 7665.5 | 22664.1

Section Ybotgdr Ytopgdr Ytopslab SbOthT
(Inches) | (Inches) | (Inches) | (Inches®)
Girder only 25.852 29.648 -?_ 38 -
Composite (3n) | 41.082 14.418 | 25.2 1937.2
Composite (n) 50.765 4,735 15.610 4249.8
Table 3-4 Positive M Se Properties

negative moment region ar
table. The distance to the

the girder.

n properties for the
shown in the following
red from the bottom of

the nega

the co

As previo S6.6.1.2.1 &
will be ass o be fully effective for both positive and negative S6.10.5.1

flexure for s&

ice and fatigue limit states.
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AASHTO Spec.
Negative Moment Region Section Properties
_ Area, A |Centroid, d| A*d lo Axy? ltotal
Section - 5
(Inches?) [ (Inches) | (Inches®) [(Inches*)| (Inches?) | (Inches?)
Girder only:
Top flange 35.000 58.000 2030.0 18.2 30009.7 | 30027.9
Web 27.000 29.750 803.3 6561.0 28.7 6589.7
Bottom flange 38.500 1.375 52.9 24.3 28784.7 | 28809.0
Total 100.500 | 28.718 2886.2 | 6603.5 | 58823.1 | 654
Composite (deck concrete using 3n):
Girder 100.500 | 28.718 2886.2 | 65426.6 | 8226.9 | 73653
Slab 34.333 64.250 2205.9 183.1 | 24081.6 | 242
Total 134.833 | 37.766 5092.1 | 65609.7 | 32308.5 | 979{8. 3
Composite (deck concrete using n):
Girder 100.500 | 28.718 2886.2 | 65426.6 | 3250 1.
Slab 103.000 | 64.250 6617.8 549.3 | 317486 4.
Total 203.500 | 46.702 9503.9 | 65976.0 | 64220.1 01
Composite (deck reinforcement only):
Girder 100.500 | 28.718 2886.2 | 65426.6 568 7
Deck reinf. 12.772 63.750 % 0.0 38.7 38.7
Total 113.272 | 32.668 37004 18806.7 | 79333.4
Section Ybotgdr Ytopgdr r Sdeck
(Inches) | (Inches) (Inches®) | (Inches®)
Girder only 28.718 2142.9 -—
Composite (3n) 37.766 4557.7 32121
Composite (n) 46.702 10376.2 | 6042.3
Composite (rebar)] 32.668 2984.5 2552.4

Table 3-5 Negatiy@ Mome egion Section Properties

Design Step 3.4 put oad Effects

aLst be de ed to resist the dead load effects, as well
e dead load components consist of

g resisted by the noncomposite section as

In addition\8Ome dead loads are factored with the DC load factor
and other d&@il loads are factored with the DW load factor. The
following tabl@summarizes the various dead load components that
must be included in the design of a steel girder.
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Dead Load Components
Type of Load Factor
DC DW
o Steel girder
e Concrete deck
Noncomposite | ¢ Concrete haunch
section e Stay-in-place deck
forms
¢ Miscellaneous dead
load (including cross-
frames, stiffeners, etc.)

CEOEE Concrete parapets *
section

Resisted by

Table 3-6 Dead Load Componen

For the steel girder, the dead load per ‘t le
change in plate sizes. The moments and ghea e weight of
the steel girder can be computed using re alysis
software. Since the actual plate size
moments and shears are co
plate sizes.

For the concrete deck, the unit length for an interior
girder is computed as foll :

WC = 0150 ft tdeck = 85|n

DLdeck = 1036—t

the change iRllop flange plate sizes. The moments and shears due
to the weight 8t the concrete haunch can be computed using readily
available analysis software. Since the top flange plate sizes are
entered as input, the moments and shears due to the concrete
haunch are computed based on the actual, varying haunch thickness.
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For the stay-in-place forms, the dead load per unit length is computed
as follows:

Wdeckforms = 0015k3f S = 98ft

Wiopflange = 14-in

DLdeckforms = WdeckformS'(S - Wtopﬂange)

K
DLdeckforms = 0.129—

ft

For the miscellaneous dead load (including cross-frames, stiffener;
and other miscellaneous structural steel), the dead load per unit |
is assumed to be as follows:

DLmiSC = 0015%

For the concrete parapets, the dead load per unit le
as follows, assuming that the superimpg@sed
parapets is distributed uniformly among4ll

K

Wpar == OSE
K
DLpar - Wpar ar — 0212E

anent loads of and on the
ng the beams, some states

ing that the superimposed dead load of
e s distributed uniformly among all of the

girders:
thS = 2.5in
Wroadway = 44.0ft Ngirders = 5
tws
Wiws- i ‘Wroadway
12-E K
DLfws = DLfws = 0.257 —
Ngirders ft
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Since the plate girder and its section properties are not uniform over
the entire length of the bridge, an analysis must be performed to
compute the dead load moments and shears. Such an analysis can
be performed using one of various computer programs.

I A Need for Revised Analysis

A\

‘/ It should be noted that during the optimization proce

= minor adjustments can be made to the plate sizes and

transition locations without needing to recompute the

analysis results. However, if significant adjustment

are made, such that the moments and shears would

change significantly, then a revised analysis i

required.

The following two tables present the unfactored dea
and shears, as computed by an analysig computer pr
(AASHTO Opis software). Since the bigiye i
moments and shears in Span 2 are symme@iical
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Design Step 3.5 - Compute Live Load Effects

I D LRFD Live Load
¥4
—(s)~ There are several differences between the live load
s used in Allowable Stress Design (ASD) or Load
Factor Design (LFD) and the live load used in Load
and Resistance Factor Design (LRFD). Some of the
more significant differences are:

e In ASD and LFD, the basic live load designation
HS20 or HS25. In LRFD, the basic live load
designation is HL-93.

e In ASD and LFD, the live load consists g

In LRFD, the load consists of a de
tandem, combined with a lane load.
e |In ASD and LFD, the
combined with lane load t
negative live load mome
effect of two design trucks
is combinedith 9
the maximu

pecified”distance
oad to compute
ment.

ct" is used for the
e bridge and the

D, the term "dynamic load
d of "impact."

act is applied to the entire
ynamic load allowance is

0 S3.6 and C3.6.

t also be designed to resist the live load effects. The S3.6.1.2
live load conSi8is of an HL-93 loading. Similar to the dead load, the
live load moments and shears for an HL-93 loading can be obtained
from an analysis computer program.

The girder

Based on Table 3-3, for all limit states other than fatigue and fracture, |S3.6.2.7
the dynamic load allowance, IM, is as follows:

IM = 0.33
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The live load distribution factors for moment for an interior girder are S$4.6.2.2.2
computed as follows:

First, the longitudinal stiffness parameter, Ky, must be computed: | S4.6.2.2.1

Kg = n-l1+Aes?)

Longitudinal Stiffness Parameter, K,

Region A Region B Region C
(Pos. Mom.) |(Intermediate)| (At Pier)

Weighted

Length (Feet) 84 24 12
n 8 8 8
I (Inches4) 22,1148 34,639.8 65,426.6
A (Inchesz) 48.000 63.750 100.500

&, (Inches) 36.523 35.277
Kq (Inches®) | 689,147 911,796

Table 3-9 Longitudinal Stiffn

After the longitudinal stiff is uted, STable
4.6.2.2.1-1 is used to find t ondWg with the
superstructure cross section. sponding with
the superstructure cros i is design example is "a."

do€s not correspond with S4.6.2.2.1
in STable 4.6.2.2.1-1, then

0 compute the distribution factors for
spectively.

Check i€ range of applicability as follows: STable
4.6.2.2.2b-1
S =975 ft OK
45 <t5<120
ts =80 in OK
20 <L <240
L =120 ft OK
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Np = 5 OK
10000 < Kg < 7000000

Kg = 818611 in* OK

STable
.2.2.2b-1

For one design lane loaded, the distribution of live load per lane
for moment in interior beams is as follows:

| B i\0.4 §\0.3 Kg
Jint_moment_1 = 0.06 + 14) L) — %
12.0L-(t

Jint_moment_1 = 0.472  lanes

0.1

For two or more design lanes loadeghthe STable
load per lane for moment in interior Oe 4.6.2.2.2b-1
S
Jint_moment_2 = 0.07 }
dint_moment_2 = 0. an
The live load distributi tors for $Rear for an interior girder are STable

computed in a simi Th

to that for momenft

nge of applicability is similar 4.6.2.2.3a-1

ded, the distribution of live load per lane STable
4.6.2.2.3a-1
Jint
For two or more design lanes loaded, the distribution of live load STable
per lane for shear in interior beams is as follows: 4.6.2.2.3a-1
2.0
S S)
- =02+—-|—
Jint_shear 2 12 (35}

dint_shear 2 = 0.935 lanes
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Since this bridge has no skew, the skew correction factor does
not need to be considered for this design example.

This design example is based on an interior girder. However, for
illustrative purposes, the live load distribution factors for an exterior
girder are computed below, as follows:

The distance, de, is defined as the distance between the web

centerline of the exterior girder and the interior edge of the curl

For this design example, based on Figure 3-2:

de = 250ft

Check the range of applicability as follows:
-1.0<deg <55
de = 2.50 ft OK

For one design lane loaded, the di uti live ¥@&d per lane
for moment in exterior beams is com d ver rule,
as follows:

1'-5 V4"

9!_9" I — ASSU med
> Hinge

Figure 3-5 Lever Rule

(0.5)-(4.25-ft) + (0.5)-(10.25-ft)
9.75-t

Jext_ moment_1 = 0.744  lanes

Jext_moment_1 =

Multiple_presence_factor = 1.20

Jext_moment_1 = Jext_moment_1-Multiple_presence_factor

Jext moment 1 = 0.892  lanes  (for strength limit state)

3-23
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For two or more design lanes loaded, the distribution of live load STable
per lane for moment in exterior beams is as follows: 4.6.2.2.2d-1
de
e =077+ — e =1.045
9.1

Jdext_moment_2 = €-Jint_moment_2

Jext_ moment 2 = 0.727  lanes

The live load distribution factors for shear for an exterior girder are
computed in a similar manner. The range of applicability is simila
to that for moment.

.3b-1

For one design lane loaded, the distribution of live log able

for shear in exterior beams is computed using the le 4.6.2.2.3b-1
illustrated in Figure 3-5 and as follows:
0.5)-(4.25-ft) 4 (0.5)(10.2
Jext_shear 1 = (0.5)-( )Q)(
9.75-
Jext_shear_1 = 0.744  lane
Multiple_presence_fa
Jext shear 1 = ultiple_presence_factor
(for strength limit state)
ded, the distribution of live STable
r in exterior beams is as follows: 4.6.2.2.3b-1

e = 0.850

Jext¥shear 2 = 0.795  lanes

In beam-slab bridge cross-sections with diaphragms or cross-frames, |S4.6.2.2.2d
the distribution factor for the exterior beam can not be taken to be less
than that which would be obtained by assuming that the cross-section
deflects and rotates as a rigid cross-section. CEquation 4.6.2.2.2d-1
provides one approximate approach to satisfy this requirement. The
multiple presence factor provisions of S3.6.7.7.2 must be applied
when this equation is used.
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Since this bridge has no skew, the skew correction factor does not S$4.6.2.2.2¢,
need to be considered for this design example. S4.6.2.2.3c

The following table presents the unfactored maximum positive and
negative live load moments and shears for HL-93 live loading for
interior beams, as computed using an analysis computer program.
These values include the live load distribution factor, and they also
include dynamic load allowance. Since the bridge is symmetrical,
the moments and shears in Span 2 are symmetrical to those in

‘N
\
™
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The design live load values for HL-93 loading, as presented in the
previous table, are computed based on the product of the live load
effect per lane and live load distribution factor. These values also
include the effects of dynamic load allowance. However, it is
important to note that the dynamic load allowance is applied only to
the design truck or tandem. The dynamic load allowance is not
applied to pedestrian loads or to the design lane load.

Design Step 3.6 - Combine Load Effects

After the load factors and load combinations have been
established (see Design Step 3.1), the section properties have

been computed (see Design Step 3.3), and all of the load effects
have been computed (see Design Steps 3.4 and 3.5), the fg

For this design example, n equals 1.00. (For more
information about n, refer to Design Step 1.)

Based on the previous design steps, th&n X
moment (located at 0.4L) for the Strength @i
as follows:

LFpc = 1.25

Mpc = 150.0K-ft + Q22 ft + 135Kt ...

= 1908K.-ft
| = LFpc-Mpc + LFpw-Mpw + LFLL-MLL
Miotal = 5439 K-ft
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Similarly, the maximum stress in the top of the girder due to positive
moment (located at 0.4L) for the Strength | Limit State is computed as
follows:

Noncomposite dead load:
MnoncompDL = 12082 Kft

Stopgdr = 745.9. |n3

12-in\
-M .
noncompDL( ft )

fnoncompDL = Stonad
opgdr

fnoncompDL = —1944 kS|

Parapet dead load (composite): ‘
Mparapet = 1922Kft

—Mparap

f =
parapet
S dr

Future wearing sdliface de composite):

Stopgdr = 33984|n3

frws = —0.82ksi

Stopgdr = 14010.3in°

12-in
_MLL.( in)

ft ) fLL = —1.63ksi

fLL =
Stopgdr
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Multiplying the above stresses by their respective load S3.4.1
factors and adding the products results in the following
combined stress for the Strength | Limit State:

fstr = (LFDC'fnoncompDL) + (LFDC'fparaPet)
+ (LFpw-frws) + (LFLL-fLL)

fstr = —29.24 ksi

Similarly, all of the combined moments, shears, and flexural stresse
can be computed at the controlling locations. A summary of thos
combined load effects for an interior beam is presented in the

following three tables, summarizing the results obtained using the
procedures demonstrated in the above computations.

Combined Effects at Location of Maximum Positiv

Summary of Unfactored Values:
. Moment footg
Loading (K-f) (ks‘

Noncomposite DL 1208 16.95
Parapet DL 192 .
FWS DL 233 -0.06
LL - HL-93 1908 -0.67
LL - Fatigue 563 -0.20
Summary of Factored Valu

Limit State fropgar fiopsan

(ksi) (ksi)

Strength | -29.24 -1.33
Service |l -23.06 -0.99
Fati 3.87 -0.36 -0.15

d Effects at Location of
um Positive Moment
As shown infillie above table, the Strength | Limit State elastic stress
in the botto the girder exceeds the girder yield stress.
However, for this design example, this value is not used because of
the local yielding that occurs at this section.
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Combined Effects at Location of Maximum Negative Moment

Summary of Unfactored Values (Assuming Concrete Not Effective):

Loading Moment fbotgdr ftopgdr fdeck
(K-ft) (ksi) (ksi) (ksi)
Noncomposite DL -3197 -16.84 17.90 0.00
Parapet DL -436 -2.15 1.75 2.05
FWS DL -528 -2.61 2.12 2.48
LL - HL-93 -2450 -12.11 9.85 11.52
Summary of Unfactored Values (Assuming Concrete Effective):
A Moment fbotgdr ftopgdr fdeck
Loading (K-ft) (ksi) (ksi) (ksi)
Noncomposite DL -3197 -16.84 17.90 0.00
Parapet DL -436 -2.02 1.15 C
FWS DL -528 -2.44 1.39
LL - HL-93 -2450 -10.55 2.83
LL - Fatigue -406 -1.75 0.47
Summary of Factored Values:
Limit State Moment | fu, g
(K-ft) (ksi) (ks
Strength | * -48.84 .99
Service Il ** 0.94
Fatigue ** 0.08

e 3-12 Combined Effects at Location of
Maximum Negative Moment
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Combined Effects at Location of Maximum Shear
Summary of Unfactored Values:
Loading Shezl
(kips)
Noncomposite DL 114.7
Parapet DL 16.4
FWS DL 19.8
LL - HL-93 131.4
LL - Fatigue 46.5
Summary of Factored Values:
. Shear
Limit State i)
Strength | 423.5
Service I 321.7
Fatigue 34.8

Envelopes of the factored Strength | mome nd sh
presented in the following two figure [
values are presented, and va
girders are presented. Based o
that the interior girder controls the

computations are based o
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Design Steps 3.7 through 3.17 consist of verifying the structural
adequacy of critical beam locations using appropriate sections of
the Specifications.

For this design example, two design sections will be checked for
illustrative purposes. First, all specification checks for Design
Steps 3.7 through 3.17 will be performed for the location of
maximum positive moment, which is at 0.4L in Span 1. Second, all
specification checks for these same design steps will be
performed for the location of maximum negative moment and
maximum shear, which is at the pier.

I A Specification Check Locations
W/
‘/ For steel girder designs, specification chegk$
= generally performed using a computer progie
following locations:

e Span tenth points
e Locations of plate transitighs
e Locations of stiffener spa

However, it sh e tt aximum moment
within a span ma eces occur at any of the
above locations.

The following specificati hecks for the location of maximum
positive moment, 4L ip88pan 1, as shown in Figure 3-8.

Symmetrical about € Pier ——

|

' T
|

o «—— Location of Maximum
0.4L = 48-0 . Positive Moment
] L =120-0"

+«—— € Bearing Abutment C Pier —

Figure 3-8 Location of Maximum Positive Moment
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Design Step 3.7 - Check Section Proportion Limits - Positive
Moment Region

Several checks are required to ensure that the proportions of the
trial girder section are within specified limits.

The first section proportion check relates to the general proportions
of the section. The flexural components must be proportioned such
that:

|
01<X<009
ly

. . 3
0.625-in-(14-in 4
e = (14-in) lyc = 142.9in

12
3
3 54-in-(1-in\
2

)

_0.625-in-(14-in)

Y 12 " PNE

+

ly = 343.6in”
|

X - 0416
ly

s to the web

The second section prop
i dinal stiffeners, the web

slenderness. Foras

it state at 0.4L in Span 1 (the location of
positive moment):

r = 57.77-Ksi (see Table 3-11

and explanation

below table)
ftopgdr = —29.24-ksi (see Table 3-11)
tiopfl = 0.625in (see Figure 3-4)
Dweb = 54in (see Figure 3-4)
tootfl = 0.875in (see Figure 3-4)
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Depthgdr = ttopfl + Dweb + tbotfl

Depthggr = 55.50in
—ftopgdr

Depthcomp = . Depthgdr C6.10.3.1.4a

fbotgdr - ftopgdr
Depthcomp = 1865|n

D¢ = Depthcomp — ttopf

D¢ = 18.03in
tW == E|n
E = 29000ksi S6.4.1
fc = —ftopgdr
fc = 29.24 ksi
2D

€ =721

2-D¢
< 200 OK
tw
heck relates to the flange S6.10.2.3

(see Figure 3-4)

D¢ = 18.03in
0.3-D¢ = 5.41in
bf > 0.3-Dg OK
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According to C6.70.2.3, it is preferable for the flange width to be
greater than or equal to 0.4Dc. In this case, the flange width is
greater than both 0.3D; and 0.4Dc, so this requirement is clearly
satisfied.

In addition to the compression flange check, the tension flanges on
fabricated I-sections must be proportioned such that:

bt
— <120
2-1

bt = 14in (see Figure 3-4
ty = 0.875in

bt
— =8.0 OK
2-1

Design Step 3.8 - Compute Plastic
Moment Region

For composite sections, the plastic m is calculated as

eutral axis.

V] L e
' t —p» P
Plastic c c
eutral Axis
t
M b, —»P,
| | t —» P

Figure 3-9 Computation of Plastic Moment Capacity for
Positive Bending Sections
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For the tension flange:
Fyt = 50ksi
Pt = Fyt-bt-tt
For the web:

Fyw = 50.0ksi

For the compression flange:

ch = 50kS|

Pc = FyC'bC'tC
For the slab:

f'c = 4.0ksi

PS = 085flcbsts

The forces in the longitudi

conservatively ne

Check the location of the plastic n

Pt+ Py = 196

6.85in

axial force.

Compression = 0.85-f'¢-bg-Y

Compression = 2400K

Tension = Pt + Py + Pg

Tension = 2400K

osition of the plastic neutral axis, as computed
an equilibrium condition in which there is no net

Design Step 3 - Steel Girder Design
AASHTO Spec.

SAppendix A6.1

bt = 14in t = 0.875in
P = 613K

Dy = 54in  ty = 0.50in
Pw = 1350K

be = 14in tc = 0.6
Pc = 438K
bs = 103in

4

S

info ent may be C6.10.3.1.3

SAppendix A6.1
¢+ Ps =3239K
Ps = 2802K

located within the slab.

STable A6.1-1

OK
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The plastic moment, My, is computed as follows, where d is the STable A6.1-1
distance from an element force (or element neutral axis) to the
plastic neutral axis:

dg = % +3.5in+tg-Y dg = 4.33in
Dw . .
dwz7+3.5ln+ts—Y dw = 31.65in
tt . .
di = > +Dw+3.5in+tg-Y di = 59.08in
Y2 Pg
Mp = +(Pg-de + Pw-dw + P-di)
2-tg
Mp = 7419K-ft

Design Step 3.9 - Determine if Secti

should be used to compute th

Where the specified minim [ ngth does not exceed 70.0 S6.10.4.1.1
ksi, and the girder has a nd the girder does not

first step is to check
provisions, as foll

S6.10.4.1.2

Therefore theWveb is deemed compact. Since this is a composite S6.10.4.1.2
section in positive flexure, the flexural resistance is computed as
defined by the composite compact-section positive flexural
resistance provisions of S6.70.4.2.2.

For composite sections in positive flexure in their final condition, the CFigure
provisions of S6.710.4.1.3, S6.10.4.1.4, S6.10.4.1.6a, S6.10.4.1.7, 6.10.4-1
and S6.70.4.1.9 are considered to be automatically satisfied.

The section is therefore considered to be compact.

3-39



FHWA LRFD Steel Bridge Design Example Design Step 3 - Steel Girder Design

Design Step 3.10 - Design for Flexure - Strength Limit State -
Positive Moment Region

Since the section was determined to be compact, and since it is a
composite section in the positive moment region, the flexural
resistance is computed in accordance with the provisions of
S6.10.4.2.2.

This is neither a simple span nor a continuous span with compact
sections in the negative flexural region over the interior supports.

(This will be proven in the negative flexure region computations of
this design example.) Therefore, the nominal flexural resistance i
determined using the following equation, based on the approxima
method:

Mn = 1.3-Rn-My

All design sections of this girder are homogenous.
same structural steel is used for the top flange, the
bottom flange. Therefore, the hybrid fwr, '

Rh = 1.0

The yield moment, My, is co

Mp1 Mp2 Map
+—+

Fy = -
SN SiT

My = Mpq + M

Fy = 50k

8K ft)
Mp1 = 1510K-ft
= (1.25-192K-ft) + (1.50-233K-ft)
Mp2 = 590 K. ft
For the bottom flange:

Sne = 855.5-in°
. 3
SLT = 1192.7-in

SsT = 1306.8.in°
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S AASHTO Spec.

MapD = [SST'( Mp1 'V'Dz\M 1)

12in )

Fy— _
Sne Sit)
MAD = 2493 K-t

Mybot = Mp1 + Mp2 + MaD
Mybot = 4592 K- ft

For the top flange:
SNC = 745.9:in°

SLT = 3398.4-in°

SsT = 14010.3-in°

M
Map = SST'(Fy -~

SNC

MaD = 27584 K- ft

SAppendix A6.2

S6.10.4.2.2a

Mp = 5970K-ft
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N AASHTO Spec.

In addition, the nominal flexural resistance can not be taken to be S6.10.4.2.2a
greater than the applicable value of Mn computed from either
SEquation 6.10.4.2.2a-1 or 6.10.4.2.2a-2.

Dp = Y Dp = 6.85in
o g ldtts+tn) S6.10.4.2.2b
— B—
75
B =07 for Fy = 30 ksi
d = Depthyar d = 55.50in
t = 8.0in

th = 3.5-in— 0.625-in th = 2

d+tg+t
D' = [3.(7;5”
D' = 6.19in
5.-D' = 30.9%i
Therefore D' < S6.10.4.2.2a
0.85-My - Mp. &\
4 D' )
Mp = 5970-K-ft
in S6.70.4.2.2b is checked as follows: S6.10.4.2.2b
D
—P <5 OK
Dl
The factored flexural resistance, M,, is computed as follows: S6.10.4
df = 1.00 S6.5.4.2
My = ¢¢Mn
M; = 5970 K-ft
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The positive flexural resistance at this design section is checked §1.3.2.1
as follows:
INivi-Q < Rr
or in this case:
INjyi-Mi < My
For this design example,
n; = 1.00
As computed in Design Step 3.6,
Zyi-Mj = 5439K.ft

Therefore Ini-yi-Mj = 5439 K.t

M, = 5970 K.ft Y3

Available Plate T esses

sign example, the web dimensions
e width were set based on the girder

ents at the pier. In addition, the flange
could not be reduced any further due to
itations’in plate thicknesses or because such a
eduction would result in a specification check failure.

ailable plate thicknesses can be obtained from steel
abricators. As a rule of thumb, the following plate
thicknesses are generally available from steel
fabricators:

3/16" to 3/4" - increments of 1/16"
3/4" to 1 1/2" - increments of 1/8"
1 1/2" to 4" - increments of 1/4"
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AASHTO Spec.

Design Step 3.11 - Design for Shear - Positive Moment Region

Shear must be checked at each section of the girder. However, S6.10.7
shear is minimal at the location of maximum positive moment, and
it is maximum at the pier.

Therefore, for this design example, the required shear design
computations will be presented later for the girder design section
at the pier.

It should be noted that in end panels, the shear is limited to either 10.7.3.3c
the shear yield or shear buckling in order to provide an anchor for,
the tension field in adjacent interior panels. Tension field is not
allowed in end panels. The design procedure for shear in

panel is presented in S6.70.7.3.3c.

Design Step 3.12 - Design Transverse Intermedi

Positive Moment%eqion
The girder in this design example has tra
stiffeners. Transverse intermediate stiffene

S$6.10.8.1

As stated above, shear is minim
positive moment but is maxi erefore, the
se intermediate stiffeners

will be presented later fo i section at the pier.

re - Fatigue and Fracture
ositive Moment Region

Load-i i0 e considered in a plate girder design. S6.6.1
orplate girders may include:

. ecting the shear studs to the girder.

2. Welds c@fipecting the flanges and the web.

3. Welds coRlecting the transverse intermediate stiffeners to the
girder.

The specific fatigue considerations depend on the unique STable
characteristics of the girder design. Specific fatigue details and 6.6.1.2.3-1
detail categories are explained and illustrated in STable
6.6.1.2.3-1 and in SFigure 6.6.1.2.3-1. SFigure
6.6.1.2.3-1
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For this design example, fatigue will be checked for the
fillet-welded connection of the transverse intermediate stiffeners to
the girder. This detail corresponds to lllustrative Example 6 in
SFigure 6.6.1.2.3-1, and it is classified as Detail Category C'in
STable 6.6.1.2.3-1.

For this design example, the fillet-welded connection of the
transverse intermediate stiffeners will be checked at the location of
maximum positive moment. The fatigue detail is located at the
inner fiber of the tension flange, where the transverse intermediate
stiffener is welded to the flange. However, for simplicity, the
computations will conservatively compute the fatigue stress at th
outer fiber of the tension flange.

The fatigue detail being investigated in this design exam
illustrated in the following figure:

\

Transverse
Intermediate
Stiffener (Typ.)

ﬁ

pld (Typ.)

duced Fatigue Detail

The no : [ ce is computed as follows: S6.6.1.2.5

for which:
A = 44.0-10% (ksi)® ggaflg »
N = (365)-(75)-n-(ADTT)S|_ S6.6.1.2.5
n=10 STable
6.6.1.2.5-2

ADTTgL = 3000
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N = (365)-(75)-n-ADTTgL
N = 82125000
AF1y = 12.0-ksi

1
3
(5\ = 3.77ksi

%.AFTH = 6.00ksi

Design Step 3 - Steel Girder Design
AASHTO Spec.

STable
6.6.1.2.5-3

A)
AF, =max| | —, ,=-AF S6.6.1.2.5
n (N) 2 TH
AF,, = 6.00Kksi ‘
& I Fatigue Resi
‘_\!//
‘/ inate the need
The factored fatig r fiber of the tension flange at
the location of ma oment was previously
comp 0 Table 3- s follows:
OK
In addition tOfike above fatigue detail check, fatigue requirements S6.10.6

for webs mus¥a

Iso be checked. These calculations will be
presented later for the girder design section at the pier.
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Design Step 3.15 - Design for Flexure - Service Limit State -
Positive Moment Region

The girder must be checked for service limit state control of
permanent deflection. This check is intended to prevent
objectionable permanent deflections due to expected severe traffic
loadings that would impair rideability. Service Il Limit State is used
for this check.

The flange stresses for both steel flanges of composite sections
must satisfy the following requirement:

ff < 0.95Fy

The factored Service Il flexural stress was previously co
Table 3-11 as follows:

Fyf = 50.0ksi ¢
0.95-Fyf = 47.50ksi OK

In addition to the check for s | of permanent
deflection, the girder can also d deflection.
Although this check is optional fi ck on steel
girders, it is included in this i

Using an analysis compu aximum live load
deflection is computggdhto i

ad ction is computed based on the

anes are loaded.

g components are assumed to deflect equally.

te design, the design cross section includes the
entire width of the roadway.

4. The number and position of loaded lanes is selected to provide
the worst effect.

5. The live load portion of Service | Limit State is used.

6. Dynamic load allowance is included.

7. The live load is taken from S3.6.1.3.2.
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In the absence of other criteria, the deflection limit is as follows:

Span = 120-ft

A _ (Span) (12in)
allowable —800) —ftj
Aallowable = 1.80in OK

Design Step 3.16 - Design for Flexure - Constructibility Check
Positive Moment Region

The girder must also be checked for flexure during construction.
The girder has already been checked in its final condition
behaves as a composite section. The constructibility m
checked for the girder prior to the hardening of the cqnc

As previously stated, a deck pouring s?en
considered in this design example. Howevgr, |
important to consider the effects of the de
an actual design because it will often
flange in the positive momen io

esign of the top
irders.

The investigation of the construc
the noncompact section co
follows:

nge slenderness check, as

(see Figure 3-4)
(see Figure 3-4)

Therefore, the investigation proceeds with the noncompact section
compression-flange bracing provisions of S6.70.4.1.9.

Lp < Lp = 1761 |-
p ch
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B AASHTO Spec.

The term, ry, is defined as the radius of gyration of a notional
section comprised of the compression flange of the steel section
plus one-third of the depth of the web in compression taken about
the vertical axis.

For the noncomposite loads during construction:
Depthcomp = 55.50-in - 25.852:in
(see Figure 3-4 and Table 3-4)

Depthcomp = 29.65in
Dc = Depthcomp — ttopfl
D¢ = 29.02in

be = 14.0in

3 —_
te-be 3
+

It =

Lp = 11.46ft

Therefore, the investigation proceeds with the noncomposite
section lateral torsional buckling provisions of S6.70.4.2.6.
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I& Lateral Torsional Buckling
NS4
‘/ Lateral torsional buckling can occur when the
= compression flange is not laterally supported. The
laterally unsupported compression flange tends to
buckle out-of-plane between the points of lateral
support. Because the tension flange is kept in line, the
girder section twists when it moves laterally. This
behavior is commonly referred to as lateral torsional
buckling.

Lateral torsional buckling is generally most critical f
the moments induced during the deck pouring
sequence.

If lateral torsional buckling occurs, the plas
resistance, Mp, can not be reached.

Lateral torsional buckling’illu
below.

Figure 3-11 Lateral Torsional Buckling

The nominal flexural resistance of the compression flange is S6.10.4.2.6a
determined from the following equation:

Fn = Rp-Rh-Fer S6.10.4.2.4a
The load-shedding factor, Ry, is computed as follows: S6.10.4.3.2
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S AASHTO Spec

Lp = 4.64  for sections where D is greater than D/2

D¢ = 29.02in
. D .
D = 54.0-in - = 27.00in
Therefore Ly = 4.64
2.D
Check if C <y |E
D¢ = 29.02in tw = 0.50in
2.D
© = 116.1
tw
E = 29000ksi

fo = 1.25-(19.44-ksi)
fo = 24.30ksj

S6.10.4.3.1

ge local buckling stress, F¢, is S6.10.4.2.4a

< Fyc without longitudinal
web stiffeners

— 40.9ksi Fyc = 50.0Ksi

3-51



FHWA LRFD Steel Bridge Design Example Design Step 3 - Steel Girder Design

o AASHTO Spec.

1.904-E

br \* [2D¢
Therefore the nominal flexural resistance of the compression flange S6.10.4.2.4a
is determined from the following equation:

Fn = Rp-Rnh-Fer
Fn = 40.9ksi

For = min Fyc Fer = 40.9ksi

In addition, the nominal flexural resistance of the compression
flange should not exceed the nominal flexural resistance
upon lateral-torsional buckling determined as follows:

v 2. 6a

2-D
< g E

tW ch ‘

D¢ = 29.02in

Check if

2:-D

000ksi Fyc = 50.0ksi

1.7

lyc-d
— 4.44. |YC E
Sxc Fyc
lye = 142.9in*
d = 55.50in
Sxc = 745.9in° (see Table 3-4)
E = 29000.0ksi
Fyc = 50.0ksi
lyc-d
L =444 |22 E L, = 29.06ft
Sxc Fye
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Lp = 20.0ft
Therefore:
Lp—Lp)
Mp = Cp-Rp-Rp-My| 1-0.5 < Rp-Rp-My
Lr-Lp )

The moment gradient correction factor, Cy, is computed as follows:

Ch _175—105( D .3(:3

Use: — =05 (based on anal

1.75 - 1.05-(0.5) + 0.3-(0.5)° =

Kp = 1.75 L 3

Therefore  Cp = 1.30

1.3

My = (50-ksi)-745.98" My 3108 K- ft

tebeo
12

I = 42.9in*

= to'b At = 8.8in°
— 4.04in
E QRO000ksi Fyc = 50ksi
E
Lp = 1.76-1¢ |— Lp = 14.28ft
Fyc
Lp = 20.0ft Lr = 29.06t
Lb—Lp)
Cb-Ro-Rn-My{ 1-05 =L | - 3258K-ft
Lr—Lp)

Rp-Rp-My = 3108K-ft
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Therefore Mn = Rp-Rnh-My Mp = 3108 K-ft
Mn .
Fn = — Fnn = 50.0ksi
SXC

Therefore, the provisions of SEquation 6.10.4.2.4a-2 control.
Fn = Rp-Rn-Fer Fn = 40.9ksi
The factored flexural resistance, F,, is computed as follows:
of = 1.00
Fr = o5-Fn Fr = 40.9ksi

The factored construction stress in the compression flan
follows:

fc = 24.30ksi  (previously computed)

For the tension flange, the nominal fleﬁl r ce, A terms of
stress, is determined as follows:

Fn = Rb'Rh‘Fyt
where: Rp=1.0
Rp = 1.

Fyt =

F, = 50.0k

The factpored flexur. istance, F,, is computed as follows:

The factored @8nstruction stress in the tension flange is as follows:

fi = 1.25.(16.95-ksi)
fi = 21.19ksi OK

Therefore, the girder design section at the location of maximum
positive moment satisfies the noncomposite section flexural
resistance requirements for construction loads based upon lateral
torsional buckling for both the compression flange and the tension
flange.
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In addition, composite girders, when they are not yet composite,
must satisfy the following requirement during construction:

0.9-E-a-k

&

bw

for which:
E = 29000ksi
o = 1.25  for webs without longitudinal stiffen
D = 54in
D¢ = 29.02in

D \?
k = 9.0-(— >7.2 for webs Without
D¢ ) ‘ | inaltiffeners

(see Figure 3-4)

87.15ksi

tw )

min M,wa — 50.0ksi

o
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Dc )
Dc+tf)

fow = —22.57 ksi oK

fow = ftopgdr'(

In addition to checking the nominal flexural resistance during
construction, the nominal shear resistance must also be checked.
However, shear is minimal at the location of maximum positive
moment, and it is maximum at the pier.

Therefore, for this design example, the nominal shear resistance
for constructibility will be presented later for the girder desi
section at the pier.

Design Step 3.17 - Check Wind Effects on Girder
Positive Moment i

As stated in Design Step 3.3, for this desi
girder controls and is being designed.

Wind effects generally do not sign, and they
are generally considered for the only. However, for
this design example, wind ef e presefited later for the

Specification checks leted for the location of
maximum positive ichdéyat 0.4L in Span 1.

Now th ecks are repeated for the location of
maxim t, which is at the pier, as shown in
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Design Step 3 - Steel Girder Design
AASHTO Spec.

Symmetrical about € Pier ——»

L = 120-0"

Location of Maximum
Negative Moment —

«—— € Bearing Abutment

Figure 3-12 Location of Maximum Negative Mo

Design Step 3.7 - Check Section Pr

Moment Region

Several checks are required to ensure tha

trial girder section are within specifie
The first section proportion che
proportions of the section. The fl
proportioned such that:

I
0.1<X <

ogrtion Limit

S6.10.2
ts.

S6.10.2.1

lyc = 628.8in”

3
1-in\

. .3 o4in- . .13
2.75:in-(14-in)” | 2 ) , 2.5:in-(14-in)
12 12 12
ly = 1201.1in"
|
Y~ 0.524 OK

ly
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Tl AASHTO Spec.

The second section proportion check relates to the web S6.10.2.2
slenderness. For a section without longitudinal stiffeners, the web

must be proportioned such that:

2.D
° . 6.77- |E <200
tW fC

At sections in negative flexure, using D¢ of the composit C6.10.3.1.4a
section consisting of the steel section plus the
longitudinal reinforcement is conservative.

& IA D, for Negative Flexure

W/
‘/ At sections in negative flexure, using D of
s composite section consisting of the steel s

the longitudinal reinforcement, as des
C6.10.3.1.4a, removes the dependenc
applied loading, which gr‘ly implifies
load rating calculations.

D¢ = 32.665¢h

(see Figu 4 and 3-5)
D¢ = 29.
(see Figure 3-4)

S6.4.1

2.D 2-D
° .77 |E and € <200 OK

1:W C 1:W
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The third section proportion check relates to the flange
proportions. The compression flanges on fabricated I-sections
must be proportioned such that:

bf > 0.3-D¢
bf = 14in (see Figure 3-4)
D¢ = 29.92in

0.3-D¢ = 8.98in

bf > 0.3-D¢ OK

According to C6.10.2.3, it is preferable for the flang
greater than or equal to 0.4D¢. In this case, the flan
greater than both 0.3D; and 0.4D, so w requireme
satisfied.

In addition to the compression flange check,
on fabricated |-sections mus pr

tension flanges
d that:

<120
2-1

(see Figure 3-4)
(see Figure 3-4)
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Design Step 3.8 - Compute Plastic Moment Capacity - Negative

Moment Region

For composite sections, the plastic moment, My, is calculated as
the first moment of plastic forces about the plastic neutral axis.

A

b

(A
Plastic
Neutral Axis

bt = 14in t = 2.50in

4 P = 1750K

Fyw = 50.0ksi Dw = 54in tw = 0.50in
For the compression flange:

Fyc = 50ksi be = 14in tc = 2.75in
PC = ch'bc'tc PC = 1925K

For the longitudinal reinforcing steel in the top layer of
the slab at the pier:

Fyrt = 60ksi
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Art

O.31-in2-(103'm\ At = 6.39in°

5in )

Fyrt-Art Py = 383K

Prt

For the longitudinal reinforcing steel in the bottom layer
of the slab at the pier:

Fyrb = 60kS|

Arp = 0.31-in2-(10.3m\ Arp = 6.39in°
din )

Prp = I:yrb'Arb Prp = 383K

Check the location of the plastic neutral axis, as follows:
Pc+ Pw = 3275K Pt+ Prp +Brt
Pc+ Pw+ Pt = 5025K Pro+ Prt =

Therefore the plastic neutral axis is Ioc%d W

Pc—Pt—Prt—P
Y:(E\-( c—Pt—Prt

2)

Y =15.17in

Since it will be shown in t
noncompact, the plastic
flexural resistance a

ep that this section is
t uSed to compute the
not need to be computed.

mine if Section is Compact or
act - Negative Moment Region

The nex : jgn process is to determine if the section is

should be §8&d to compute the flexural capacity of the girder.
Where the sp@eified minimum yield strength does not exceed 70.0
ksi, and the girder has a constant depth, and the girder does not
have longitudinal stiffeners or holes in the tension flange, then the
first step is to check the compact-section web slenderness
provisions, as follows:
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2.D
P < 3.76. /i

Since the plastic neutral axis is located within the web,

Dcp = DW—Y Dcp = 3883“’1

P _ 1553

2-D E
3.76- |— =90.6

Therefore, the web does not qualify as compact. Since this is not
composite section in positive flexure, the investigation proceeds
with the noncompact section compression-flange slender
provisions of S6.70.4.1.4.

b
<120

2-tf

bf = 14.0in
b

T _25
2-tf
ncompact section

S6.10.4.1.9.

L < Lp 7

the radius of gyration of a notional
pression flange of the steel section
of the web in compression taken about

is define

the vertical¥e

Based on pr@lious computations,
. D¢ :
D¢ = 29.92in 3 = 9.97in
bc = 14.0in tc = 2.75in
D
te-be ?C'tWB
= 2 C 4 I = 628.9in”
12 12
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At = (te-be) + (—C-twj At = 43.5in°
|

R rt = 3.80in
At

Lp = 1.7611- /i Lp = 13.431t

Lp = 20.0ft

Therefore, the investigation proceeds with the composite section

lateral torsional buckling provisions of S6.70.4.2.5.

Noncompact Section

A 1o

¥/
*‘/ Based on the previous c‘o

s determined that the girder
noncompact. Several steps
this a compact section,
thickness or pogSi
to decrease the

may not be econo

utafi

Design Step 3 - Steel Girder Design
AASHTO Spec.

t Region

xural resistance of the compression flange,
termined from the following equation:

Rp-Rh-Fer

The load-shedding factor, Ry, is computed as follows:

Lp = 4.64  for sections where D is greater than D/2
D¢ = 29.92in fc = 48.84ksi
: D :
D = 54.0in > = 27.00in
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Therefore Ly = 4.64

2.D
Check if C <y |E
tw fe
D¢ = 29.92in ty = 0.50in
2.D
© 1197
tw
xb-F = 113.1
fe

Therefore: Rp = 1.0

For homogeneous section, R, is taken as 1.0.
Rh =1.0 ‘
The critical compression-flange local buckli ress, Foi¥Is

computed as follows:

1.904-E

Bl

Fer = out longitudinal

eb stiffeners

<
w

9.0ksi Fyc = 50.0Ksi

1.904-E

n 5 ,

bf \* [2:Dc
Therefore the nominal flexural resistance of the compression
flange is determined from the following equation:

Fn = Rp-Rn-Fer

FyC Fcr = 500 kS|

Fr, = 50.0ksi
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In addition, the nominal flexural resistance of the compression
flange should not exceed the nominal flexural resistance based
upon lateral-torsional buckling determined as follows:

Checkif Lp <L, =4.44-r fi
Ly = 4.44 -1 ’i

rr = 3.80in E = 29000ksi ch = 50.0ksi
Ly = 33.91t Lp = 20-ft
Therefore:
Lb )
Fn = Cb-Rb-Rh-FyC- 1.33-0.187| — -
®

The moment gradient correction factor, Cy

follows:

based on analysis)

’3.(0.5)% = 1.30

Cp = 1.30

12in)

Lb-(

ft ) Fyc .

Cb-Rp-Rh-Fyc| 1.33 -0.187 . = = 54.60ksi
It

Rb-Rn-Fyc = 50.0ksi

Therefore Fn = Rp'Rh-Fyc

Fp = 50.0ksi
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The factored flexural resistance, F,, is computed as follows:

of = 1.00
Fr = (I)f'Fn
F, = 50.0ksi

The negative flexural resistance at this design section is checked
follows:

i1 Qi < Rr
or in this case:

Znivi-Fi < Fr
For this design example,

n; = 1.00

As computed in Design Step 3.6, the fact
State stress for the compression flange is a

Yyj-Fi = 48.84ksi

lows:

Therefore Znivi-Fi = 48.8

Fr = 50 @D ksi OK

xural resistance, in terms of

Rp = 1.0

Fyt = 50.0Ksi
Fp = 50.0ksi

The factored flexural resistance, F,, is computed as follows:

of = 1.00
Fr = (I)f'Fn
F, = 50.0ksi
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The negative flexural resistance at this design section is checked
as follows:

iy Qi < Rr

or in this case:

Znivi-Fi < Fr

For this design example,
n; = 1.00

As computed in Design Step 3.6, the factored Strength | Lj
State stress for the tension flange is as follows:

yi-Fi = 44.99ksi

Therefore Ini-vi-Fi = 44.99-ksi
Fr = 50.0ksi
Therefore, the girder design section pieR@atisfies the

flexural resistance requirem CO ssion flange
and the tension flange.

for shear is to check if the web must be
r resistance of unstiffened webs of

b_ 108.0
tw
1.10- Ek_ 59.2
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1.38- Ek_ 74.3

yw

22138 [ =

) 1.52 :-vk\
(2\2 (a}
tw )

C =0.378

Therefore,

Fyw = 50.0ksi D = 54.0in tw 290
The factored shear resistance, V 48hcomput s follows:

G

Vp = 783.0K
Vn = CVp
Vi, = 295.9K

oy = 1.00
Vi = ¢V'Vn

For this design example,

n; = 1.00

As computed in Design Step 3.6, the factored Strength | Limit
State shear is as follows:

Y-V = 423.5.K
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Therefore Znivi-Vi = 423.5-K
Vr = 295.9K

Since the shear resistance of an unstiffened web is less than the
actual design shear, the web must be stiffened.

& IA Nominally Stiffened Webs

WL/

"/ As previously explained, a "nominally stiffened" web
(approximately 1/16 inch thinner than "unstiffened")
generally provide the least cost alternative or very
close to it. However, for web depths of appr

economical.

For this design example, transverse in S6.10.7.1
and longitudinal stiffeners are not used.

intermediate stiffener spacing in this deS|g

First, han quirements of the web are checked. For web S6.10.7.3.2

panels wit longitudinal stiffeners, transverse stiffeners must be

tw

D = 54.0in tw = 0.5in
b = 108.0

w
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Another handling requirement is that the spacing of transverse
stiffeners, d,, must satisfy the following:

2
4 < 0] 260

(2\
tw )
2
@ = 313.0in

w

Use do = 80.0-in OK

D-

This handling requirement for transverse stiffeners need
enforced in regions where transverse stiffeners are
required for shear and where the web slenderness r
150. Therefore, this requirement must typically be ap

central regions of the spans of relativelﬁ ere the
shear is low.

The nominal shear resistanc
sections which are considere
follows:

b p s of noncompact
0.7.1,is as

Checkif fy; <0

The term, f, is the fl
flange due to the
maximum ratio of

e compression or tension
ichever flange has the
nel under consideration.

(see Table 3-12)

0.87-(1-C)
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2 = 108.0
tw
1.10- ﬂ =715
1.38. ﬂ = 89.7
yw
Therefore, 2 > 1.38- ﬂ
W wa
c - 1-522.(ﬂ\
D)? (Fyw)
tW)
C = 0.550

The reduction factor applied to the factore
as follows:

ear,

87-(1-C)

> = 383.7K
e
1+ —
D)
C-Vp = 430.7K
Vi, = max Ron- C+%1_Cz)
e
1+ —
D)

Vp = 430.7K
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The factored shear resistance, V,, is computed as follows:

oy = 1.00
Vr = ¢V'Vn
V, = 430.7K

As previously computed, for this design example:

nivi-Vi = 423.5-K
Vi =430.7K OK
Therefore, the girder design section at the pier satisfies th

resistance requirements for the web.

Design Step 3.12 - Design Transverse Intermedi
Negative Moment§eqion

The girder in this design example has trangiers
stiffeners. Transverse intermediate stlffen
increase the shear resistance of the r. hear resistance
computations shown in the p e based on a
stiffener spacing of 80 inches.

t the transverse
Ided to one side of the
ransverse intermediate
es is described in

In this design example, it is
intermediate stiffeners co
web. The required interf:
stiffeners and the to
S6.10.8.1.1.

The traR8 interm te stiffener configuration is assumed to

be as p w e f ing figure.
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S AASHTO Spec

Symmetrical about€ Pier ——»

+— Bearing
£ r _¢ Stiffener
A Al Transverse
Intermediate
Stiffener (Typ.
d = Unless Noted
6'3 " Otherwise)
(Typ.

C Pier —»

Partial Girder Elevation at Pier

-14 nsverse Intermediate Stiffener
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The first specification check is for the projecting width of the
transverse intermediate stiffener. The width, by, of each projecting
stiffener element must satisfy the following:

bt > 2.0+ —9_ and  16.0-ty > by > 0.25b
30.0

bt = 5.5in
d =59.25 in
to = 0.50-in
bf = 14.0in
bt = 5.5in 2.0+ 300 - 3.98
Therefore, bt > 2.0 + %
16.0-t, = 8.0in
0.25-bf = 3.5in
Therefore, 16.0-t

The second specification check |
transverse intermediate stiff
ensure sufficient rigidity.
stiffener must satisfy the

0.0in tw = 0.50in D = 54.0in

Therefore, J = 0.5

Therefore, do-tW3-J - 5.0in

3
ty-b
o= 2 = 27.7in"
3
Therefore, ly > do-tw3~J OK
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N AASHTO Spec.

The third specification check is for the area of the transverse S6.10.8.1.4
intermediate stiffener. This requirement is intended to ensure
sufficient area to resist the vertical component of the tension field.
The area of any transverse stiffener must satisfy the following:

F
A >|0.15.8-2.(1-C). —“\—18 W b2
Fer

b Vr )
B=24 for single plate stiffeners
D = 54.0in
tw = 0.50in
C = 0.550
Vy = 423.5.K
Vy =430.7K
Fyw = 50.0ksi ‘
E = 29000ksi
bt = 5.5in

Fys = 50.0-ksi

Fcr = 500kS|
F
0.15.8-2.(1-¢)- —“\—18 ty2 = —0.2in?
tw r) I:cr

Therefore, the specification check for area is
automatically satisfied.

Therefore, the transverse intermediate stiffeners as shown in
Figure 3-13 satisfy all of the required specification checks.
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Design Step 3.14 - Design for Flexure - Fatique and Fracture
Limit State - Negative Moment Region

For this design example, the nominal fatigue resistance S6.6.1
computations were presented previously for the girder section at
the location of maximum positive moment. Detail categories are
explained and illustrated in STable 6.6.1.2.3-1 and SFigure
6.6.1.2.3-1.

.10.6
6.1

In addition to the nominal fatigue resistance computations, fatigue
requirements for webs must also be checked. These checks are
required to control out-of-plane flexing of the web due to flexure o
shear under repeated live loading.

For this check, the live load flexural stress and shear str S6.10.6.2
from the fatigue load must be taken as twice that calgula
fatigue load combination in Table 3-1.

As previously explained, for this desigr‘<a S6.6.1.2.1
assumed to be fully effective for both positigie an
fatigue limit states. This is permissible bec
S6.10.3.7 were satisfied in Degign S
S6.10.6.3
S6.10.3.1.4a

= (~16.84-ksi) + (-2.02-ksi) + (~2.44ksi) ...
+(2:0.75--1.75ksi)

fbotgdr = —2393 kS|

fiopgdr = (17.90-ksi) + (1.15-ksi) + (1.39ksi) ...
+(2-0.75-0.47 -ksi)

ftopgdr = 21 14 kS|
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ttopﬂ = 2.50in
Dweb = 54in
thotfl = 2.75in

Depthgdr = ttopfl + Dweb + tootfl

Depthggr = 59.25in

—fbotgdr

Depthcom =
P ftopgdr - fbotgdr

Depthcomp = 31.45in
Dc = Depthcomp — tootfl

D¢ = 28.70in

2
k = 9.0-(3\ >7.2
Dec

- max20(2)

D

— =108.0
tw
Therefore,

fof ©—16.84-ksi) + (—2.02-ksi) + (—2.44ksi) ...
(2-0.75--1.75-ksi)
fof = —23.93 ksi Fyw = 50.0ksi
Therefore, fer < Fyw OK

red stress values in Table 3-12:

Design Step 3 - Steel Girder Design
AASHTO Spec.

(see Figure 3-4)
(see Figure 3-4)
(see Figure 3-4)

-Depthggr .3.1.4a

\ 4

9.
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For shear, the fatigue requirement for the web is as follows: S6.10.6.4

Based on the unfactored shear values in Table 3-13:

Vef = 114.7-K+16.4-K+ 19.8-K + (2:0.75-46.5-K)

Vef = 220.7K
D =54.0in tw = 0.50in
Vet
Vef = Vef = 8.17Kksi
cf D-ty cf
C = 0.550 FyW = 50.0ksi

0.58:-C-Fyw = 15.95ksi

Therefore, ver < 0.58-C-Fyy ‘

Therefore, the fatigue requirements for web both fleXUre and

shear are satisfied.

Design Step 3.15 - DeS|qn for e Limit State -

The girder must be chec [ it state control of S6.10.5
permanent deflectio tended to prevent

objectionable per ue to expected severe traffic
loadings that wou . Service Il Limit State is used
for this

6 r composite noncompact sections C6.10.5.1
under th ' Ons given in STabIe 3.4. 1 1. AIthough

ervice limit state according to the current

guage, it is unlikely that such a check would
control in thesSE regions for composite girders without
longitudinal stiffeners since D is relatively small for such girders
in these regions.

The web must satisfy SEquation 6.10.3.2.2-1, using the S6.10.5.1
appropriate value of the depth of the web in compression in the
elastic range, Dg.
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S AASHTO Spec

0.9-E-a-k

D)
tw )
for which:
E = 29000ksi

o = 1.25  for webs without longitudinal stiffeners

D =54.0in

The factored Service Il flexural stress was previgusly
computed in Table 3-12 as follows:

fbotgdr = —3501k3|

Depthggr = 59.25in

for webs without
longitudinal stiffeners

2
9.0-(3\ =251
D¢
2
k = max{Q.O(R\ ,7.2} k =251
D¢ )
tw = 0.5in (see Figure 3-4)
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0.9-E-a-k

o

= 70.23ksi

0.9-E-a-k
min| ——— == Fyy| = 50.0ksi

o

fow = fbotgdr'(

fow = —32.27ksi OK

In addition, the flange stresses for both’eel
sections must satisfy the following require

ff < 0.95Fyf

As previously explained, for this , the concrete

slab is assumed to be fully e iv itive and negative
flexure for service limit st

The factored Servic | al stres8lwas previously computed in
Table 3-12 as follg

ftopgdr = 24 1 2 . kS|

OK

In addition t@fthe check for service limit state control of

ction, the girder can also be checked for live
load deflection. Although this check is optional for a concrete
deck on steel girders, it is included in this design example at the
location of maximum positive moment.
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Design Step 3.16 - Design for Flexure - Constructibility Check -
Negative Moment Region

The girder must also be checked for flexure during construction.
The girder has already been checked in its final condition when it
behaves as a composite section. The constructibility must also be
checked for the girder prior to the hardening of the concrete deck
when the girder behaves as a noncomposite section.

The investigation of the constructibility of the girder begins with the
the noncompact section compression-flange slenderness check,
follows:

b
2t 12,0

2-t
bf = 14in
tf = 2.75in

In addition, composite girders,
must satisfy the following require

Oksi

o = 1.25  for webs without longitudinal stiffeners

D = 54.0in

For the noncomposite loads during construction:
footgdr = 1.25-(-16.84-ksi)
footgdr = —21.05ksi
ftopgdr = 1.25-(17.90-ksi)
ftopgdr = 22.37ksi
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N AASHTO Spec.

Depthggr = 59.25in (see Figure 3-4)

—fbotgdr
ftopgdr - fbotgdr

Depthcomp = . Depthgdr C6 10 3 14a

Depthcomp = 2872|n

D¢ = Depthcomp — tootfl

D¢ = 25.97in

2
k = 9.0-(3\ >7.2 for webs wit
Dc longitudipal

09-E-a-k

F = 50.0ksi
> YW
DY?
tw )
N L
cw botgdr Do+ tfj
fow = —19.03ksi OK
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In addition to checking the nominal flexural resistance in the web
during construction, the nominal shear resistance in the web must
also be checked as follows:

Vn = C-Vp
C =0.550
Vp = 783.0K
Vih =430.7K

oy =1.0

Vi = ¢y-Vn

Vi =430.7K

Vy = (1.25-114.7-K) + (1.25-16.4-K) + (1.
Vy = 193.6K OKgy

Therefore, the design section at the pier sati§lies the

constructibility specification checks.

Design Step 3.17 - Check Win der Flanges -
Negati i

r the exterior girders only. However, for
ects are presented below for the

computatio

For noncomp@et sections, the stresses in the bottom flange are
combined as follows:

(Fu+Fw) < Fr

6-M
FW = W

2
tfh - b
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Since the deck provides horizontal diaphragm action and since C4.6.2.7.1
there is wind bracing in the superstructure, the maximum wind
moment on the loaded flange is determined as follows:

y W-Lp?
Y10
Lp = 20.0ft
v-Pn-d
w - rPo
2
n =10

& I& Strength Limit States for Wind o
\'\!/_r

~/ For the strength limit stat&vin

States. For Strength lll, the lo
structure is 1.40gut iy, '
to the magnitu [ es, Strength 1l
will clearly not con [ ign example (and for
most designs).

STable 3.4.1-1

S3.8.1.2

P = 0.050-ksf STable
3.8.1.2.1-1
Ve = 100 MPH
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- T AASHTO Spec.
Vv
Vpz = 2.5-Vo-(ﬂ\-ln(£\ $3.8.1.1
Ve ) \Z)
Vo = 12.0 MPH  for a bridge located in a city STable
3.8.1.1-1

V30 = 60 MPH  assumed wind velocity at 30 feet
above low ground or above
design water level at bridge site

Vg = 100 MPH

Z = 35-ft assumed height of strucj
which wind loads are bg
calculated as mea

Zo = 8.20-ft STable
3.8.1.1-1
Y,
Vpz = 2.5-vo-(ﬂ\- $3.8.1.1
VB)
Vpz =261 M
2
Y,
Pp = PB'[ = S3.8.1.2.1

= 0.

After the ov' wind pressure has been computed, the C4.6.2.7.1
factored w e per unit length applied to the flange is computed

as follows:

1 ksf

'Pn-d
w = b
2
n=10 S1.3
vy = 0.40 for Strength V Limit State STable 3.4.1-1

Pp = 0.00341 ksf
d = 9.23-ft from bottom of girder to top of parapet
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+v-Pn-d
W = n-y-rb
2
W:0.00630%

Next, the maximum lateral moment in the flange due to the factored
wind loading is computed as follows:

W-Lp?
AEETS!
W= 0.00630%

factored wind loading is computed as follows:

Lp = 20.0ft
My = 0.252K.-ft ‘
Finally, the flexural stress at the edges of tV due to
6-M
Fo = —— Q

The load factor for live load is 1.35 for the Strength V Limit State.
However, it is 1.75 for the Strength | Limit State, which we have
already investigated. Therefore, it is clear that wind effects will not
control the design of this steel girder. Nevertheless, the following
computations are presented simply to demonstrate that wind effects
do not control this design:
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Fu = (1.25--16.84ksi) + (1.25--2.15ksi) ...
+(1.50--2.61-ksi) + (1.35-—12.11-ksi)

Fu = —44.00ksi
Fw = —0.028 ksi

Fu+ Fw = —44.03Kksi

F, = 50.0ksi
Therefore:  (Fy +Fy) < Fy OK

Therefore, wind effects do not control the design of this st

Design Step 3.18 - Draw Schematic of Final Steel

Since all of the specification checks wer‘ati
section presented in Design Step 3.2 is acc

specification checks were not satisfied or if
to be overly conservative, then the trialgi
be revised appropriately, and
to be repeated for the new trial

The following is a schemati i eel girder configuration:

51/2” x 1/2” Transverse
Intermediate Stiff

Symmetrical about € Pier ——f

.
Tve 147 x21/2"
7 14” x 1 1/4” Top Flange z E TopXFIange

T 54" x 1/2” Web A

T
14” x 7/8” Bottom Flange A 14” x 1 3/8” Bottom| Flange A Z 14" x 2 3/4”

RAPE € Bolted Field Splice ——— Bottom Flange
84'-0” 24'-0” 12'-0"
120'-0” |
k— € Bearing Abutment C Pier —
Bearing Stiffener Bearing Stiffener
(Both Sides of Web) (Both Sides of Web)

Figure 3-15 Final Plate Girder Elevation
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For this design example, only the location of maximum positive
moment, the location of maximum negative moment, and the location
of maximum shear were investigated. However, the above
schematic shows the plate sizes and stiffener spacing throughout the
entire length of the girder. Some of the design principles for this
design example are presented in "tip boxes."

Design computations for a bolted field splice are presented in
Design Step 4. Design computations and principles for shear
connectors, bearing stiffeners, welded connections, and

cross-frames are presented in Design Step 5. Design computation
for an elastomeric bearing pad are presented in Design Step 6.

‘N
\
™
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Bolted Field Splice Design Example
Design Step 4

Table of Contents

Design Step 4.1 - Obtain Design Criteria

Design Step 4.2 - Select Girder Section as Basis for
Field Splice Design

Design Step 4.3 - Compute Flange Splice Design Loads
Design Step 4.4 - Design Bottom Flange Splice
Design Step 4.5 - Design Top Flange Splice

Design Step 4.6 - Compute Web Splice Design Loads
Design Step 4.7 - Design Web Splice

Design Step 4.8 - Draw Schematic of Fjnal Bolted Fi
Splice Design ‘

Design Step 4.1 - Obtain De

Design Specifications (thro ims). The design methods
presented throughout the
used in general bridge gn

to, defining material properties, identifying

Referto D introductory information about this design
example. /
assumptions
the splice.

nethodology, and criteria for the entire bridge, including
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FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design
Il AASHTO Spec.

Presented in Figure 4-1 is the final steel girder configuration as
designed in Design Step 3. Included in Figure 4-1 is the bolted field
splice location. This location was determined using the criteria
presented in the narrative below.

Symmetrical about € Pier ——

" " " " 14" x 2 1/2"
14" x 5/8” Top Flange 7 14" x 1 1/4” Top Flange Z E Top Flange

T 54" x 1/2" Web A

14" x 7/8" Bottom Flange A 14” x 1 3/8” Bottom| Flange A

e € Bolted Field Splice ——

84'-0"
120-0"

+— @ Bearing Abutment '

Figure 4-1 Plate Girder Elev

The following units are define

K = 1000lb i = -
in
For relatively long rs, fie ' are generally required to reduce
the girdegshipping le . The location of the field splice is generally
based d i udes the following considerations:
1. Field g are g@herally located to provide girder segment

at do not exceed the allowable girder shipping length.
able girder shipping length is often a function of the

2. The Specifications recommends locating splices near points of S6.13.6.1.4a
dead load contraflexure.

3. Field splices are generally located where total moment in the
girder is relatively small. This minimizes the required splice
plate thicknesses and the required number of bolts.
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B AASHTO Spec.

In Design Step 1.1, the steel properties of the girder were defined.
These properties will be used for the splice plates as well.

Yield Strength: Fy = 50-ksi STable 6.4.1-1

Tensile Strength: Fu = 65-ksi

For Specifications equations requiring the flange yield strength:

Flange Yield Strength: Fyi = 50-ksi

Plate Dimensions of the Left Girder (reference Design Ste

Web Thickness: tw = 0.50-in
Web Depth: D = 54:in
Top Flange Width:
Top Flange Thickness:
Bottom Flange Width:

Bottom Flange Thickness:

Plate Dimensions Rig [ eference Design Step 3.18):

tw = 0.50-in

D = 54:.in

bfitr = 14-in

tir = 1.125-in
Bottom Flange Width: bfipr = 14-in
Bottom Flange Thickness: tipbr = 1.375:-in
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AASHTO Spec.

Splice Bolt Properties:

Bolt Diameter: dpolit = 0.875-in

Bolt Hole Diameter: dhole = 1.0-in
(for design purposes)

Bolt Tensile Strength: Fupolt = 120-ksi

Concrete Deck Properties (reference Design Step 3.3):

Effective Slab Thickness: tseff = 8-In
Modular Ratio: n=28
Haunch Depth (measured dhaunch = 3.5-

from top of web):

Effective Flange Width:

s illustrated in
inforCing steel in the
S:

Based on the concrete de
Figure 2-18, the area of longi
negative moment region is com

For the top steel:

Adeckreinft

Weti

.2
Adeckreinfbot = (0.31-|n ) cn

.2
Adeckreinfoot = 6.3861n

4-4
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FHWA LRFD Steel Bridge Design Example

Resistance Factors:

Flexure:

Shear:

Axial Compression:

Tension, fracture in net section:
Tension, yielding in gross section:
Bolts bearing on material:

A325 and A490 bolts in shear:

Block shear:

¢ = 1.0
¢y = 1.0
e = 0.90
¢, = 0.80
¢y = 0.95
dpp = 0.80
¢és = 0.80
bbs = 0.80

\ 4

S
>
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FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design
Il AASHTO Spec.

Design Step 4.2 - Select Girder Section as Basis for Field S6.13.6.1.1
Splice Design

Where a section changes at a splice, the smaller of the two
connected sections shall be used in the design. Therefore, the
bolted field splice will be designed based on the left adjacent girder
section properties. This will be referred to as the Left Girder
throughout the calculations. The girder located to the right of the
bolted field splice will be designated the Right Girder.

Design Step 4.3 - Compute Flange Splice Design Loads

Girder Moments at the Splice Location:

Based on the properties defined in Design Step 3 (St
Design), any number of commercially av@ilabl
can be used to obtain the design dead and li
For this design example, the AASHTO Opis
summary of the unfactored moments
of the girder design are listed include impact
and distribution factors.

Loads

Dead Loads:

Noncomposite: NDL = —51.8-K-ft
McpL = 15.5-K-ft

Mgpws = 18.8-K-ft

MpLL = 1307.8-K-ft

HL-93 Negative: MNLL = —953.3-K-ft
Fatigue Positive: MprLL = 394.3-K-ft
Fatigue Negative: MNFLL = —284.0-K-ft
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Typically, splices are designed for the Strength I, Service Il, and
Fatigue Limit States. The load factors for these limit states are
shown in Table 4-1:

Load Factors
Strength | | Service Il | Fatigue
Load Ymax | Ymin | Ymax | Ymin | Ymax | yYmin
DC 1.25(0.90{1.00|1.00( - -
DW 1.50/0.65(1.00(1.00| - -
LL 1.75(1.75[1.30]1.30(0.75[0.75

Table 4-1 Load Factors

Flange Stress Computation Procedure: ‘

es for
stresses

t the

appropriate section

As previously mentioned, the applicable limi plice
design are Strength I, Service I}, and i
corresponding to these limit st ut
midthickness of the top and bott
properties and load factors for use
described below. Where n

previously documented de

Y, to the signs of the

n mom

Strength | Limit St

it state, the section properties for flexural
i the tension flange shall be computed

flange afea for the noncomposite dead load, and the effective
bottom flange area for the composite dead load, future wearing
surface, and live load. The minimum load factor is used for the
DC dead loads (noncomposite and composite) and the
maximum load factor is used for the future wearing surface. The
composite dead load and future wearing surface act on the 3n-
or the n-composite slab section, whichever gives the higher
stresses, and the live load acts on the n-composite slab section.

4-7
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FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design
| AASHTO Spec.

Case 2: Dead Load + Negative Live Load

For this case, stresses will be computed using the effective top
flange area for all loads. The future wearing surface is
excluded and the maximum load factor is used for the DC
dead loads. The live load acts on the composite steel girder
plus longitudinal reinforcement section. The composite dead
load is applied to this section as well, as a conservative
assumption for simplicity and convenience, since the net effe
of the live load is to induce tension in the slab. The reinforcing
steel in the deck that is used corresponds to the negative
moment deck reinforcement shown in Figure 2-18.

Service Il Limit State: S6.13.6.1.4a

Case 1: Dead Load + Positive Live Load

For this case, stresses will be co te | ross steel
section. The future wearing surface j&inc acts,
along with the composite dead load, e 3n-
n-composite slab section, whic e higher
stresses. The live load iie slab section.

Case 2: Dead Load + Negatj S6.10.3.1.1c
For this case, stres [ ted using the gross steel
section. The fu aring sWilifiace is excluded. The
i 3n- or n-composite slab
rger stresses. The live load acts
C6.13.6.1.4a
For this case, stresses will be computed using the gross
steel section. The live load acts on the n-composite slab
section.
Case 2: Negative Live Load S6.10.3.1.1c

For this case, stresses will be computed using the gross
steel section. The live load acts on the n-composite
slab section.
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Section Properties:

Effective Flange Areas:

Ae = An+BAg < Ag

For holes equal to or less than 1.25 inches in diameter:

(A [[duFa) ]
B = (A_g).|:(¢y'|:yf) - } > 0.0

The effective area of the bottom flange of the steel er

follows:

Ag = tibL-bibL

The net area of the bottom
the product of the thickness
width. The net width is
of the flange the sum
failure chain, and the
between consectj
the flanges aregdi

t across the flange (i.e., s2/4g is

Design Step 4 - Bolted Field Splice Design
AASHTO Spec.

S6.13.6.1.4c
S6.10.3.6

SEquation
6.10.3.6-1

er is defined as S6.8.3

the smallest net

tity s2 /49 for each space
ain. Since the bolt holes in
to the loading direction, the

B = 0.07
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With the gross and net areas identified, along with beta, the
effective tension area of the bottom flange can now be computed

as follows:

Ae = An+BAg

Ag = 9.58in°
Check:
. 2 . 2
Ae = 9.58in < Ag=12.25in OK
Effective bottom flange area: Aepot = 9.58:i

Similar calculations determine the effective
top flange of the steel girder;

Effective top flange are

4-10
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FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

o AASHTO Spec.

The transformed effective area of the concrete flange of the steel
girder is now determined. This requires the modular ratio as follows:

A= Effective Slab Width X tges
Modular Ratio

where:
Effective Slab Width: Weff = 103in
Modular Ratio: n=28

For the n-composite beam:

Wefi

AC:

Aseff Ac = 1‘00'

n
For the 3n-composite bea \
Weff 2
Ac3n = Iseff c3ned-33in
3n
or th

The section properti
Figure 4-2 shown b

er are calculated with the aid of

Neutral Axis \

ST

"7-«_'

Figure 4-2 Girder, Slab and Longitudinal Reinforcement
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Design Step 4 - Bolted Field Splice Design

The following tables contain the section properties for the left (i.e.,
smaller) girder section at the splice location. The properties in Table
4-2 are based on the gross area of the steel girder, and these
properties are used for computation of stresses for the Service Il and
Fatigue Limit States. The properties in Tables 4-3 and 4-4 are based
on the effective top flange and effective bottom flange of the steel
girder, respectively, and these properties are used for computation of
stresses for the Strength | Limit State.

Gross Section Properties
Section Area, A [Centroid, d| A*d lo
(inches?) | (Inches) | (Inches®) | (inches?)

Girder only:

Top flange 8.750 55.188 482.9 0.3

Web 27.000 27.875 752.6

Bottom flange 12.250 0.438 5.4

Total 48.000 25.852 1240.9
Composite (3n): ’

Girder 48.000 25.852 1240.9 33249.2

Slab 34.333 62.375 2141.5 3.1 B. 15749.6

Total 82.333 .9 | 26700.8 | 48998.7
Composite (n):

Girder 48.000 29792.4 | 51907.2

Slab 103.000 .3 13883.8 | 14433.2

Total 151.000 22664.1 | 43676.2 | 66340.3

Section Ybotmid Shotmid Stopmid Stopweb
(Inches®) | (Inches®) | (Inches®)

Girder only 870.2 753.8 762.0
Composite (3n) 1205.5 3473.7 3552.4
Composite (n) 1318.2 | 15000.3 | 16140.8

Tab

4-12
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FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

AASHTO Spec.
Section Properties - Effective Top Flange Area
. Area, A [Centroid, d| A*d lo Ary? ltotal
Section 2 3
(inches?) | (Inches) | (Inches®) | (inches® | (Inches®) | (Inches?)
Girder only:
Top flange 6.840 55.188 377.5 0.3 6384.5 6384.8
Web 27.000 27.875 752.6 6561.0 283.3 6844.3
Bottom flange 12.250 0.438 54 0.6 7173.1 7173.7
Total 46.090 24.636 1135.5 6561.9 13840.9
Deck Steel:
Girder 46.090 24.636 1135.5 | 20402.8 | 3009.2
Top Steel 6.386 63.438 405.1 0.0 6027.1
Bottom Steel 6.386 60.313 385.2 0.0 4863.3
Total 58.862 32.716 1925.7 | 20402.8 | 13899.7
Composite (3n):
Girder 46.090 24.636 1135.5 | 20402.8
Slab 34.333 62.375 2141.5 183.1
Total 80.423 40.747 | 3277.0 | 20585.9
Composite (n):
Girder 46.090 24.636 20402.8
Slab 103.000 62.375 14569.0
Total 149.090 50.708 66302.3
Section Ybotmid ytopmid
(Inches) | (Inc (Inches?)
Girder only 24.198 30. . 667.8
Deck Steel 32.279 1526.5
Composite (3n) 40.309 . 3366.2
Composite (n) 50.271 1318.9 | 14802.1
Table 4-3 Section i ing Effective Top Flange Area

of Ste

4-13



FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

AASHTO Spec.
Section Properties - Effective Bottom Flange Area
. Area, A |Centroid, d| A*d lo Ary? lotal
Section % 3
(Inches®) | (Inches) | (Inches®) | (inches®) | (Inches?) | (inches®)
Girder only:
Top flange 8.750 55.188 482.9 0.3 6781.3 6781.6
Web 27.000 27.875 752.6 6561.0 7.5 6568.5
Bottom flange 9.580 0.438 4.2 0.6 6937.8 6938.5
Total 45.330 27.348 1239.7 6561.9 13726.7 | 2028
Deck Steel:
Girder 45.330 27.348 1239.7 | 20288.6 | 2611.1 | 22899.
Top Steel 6.386 63.438 405.1 0.0 5186.8 518
Bottom Steel 6.386 60.313 385.2 0.0 4111.7 41387
Total 58.102 34.938 2030.0 | 20288.6 | 11909.6 | 321
Composite (3n):
Girder 45.330 27.348 1239.7 20288.6 | 103 .
Slab 34.333 62.375 2141.5 183.1 13688.4 2
Total 79.663 42.444 3381.2 20471.7 }4 23 4444
Composite (n):
Girder 45.330 27.348 1239.7 | 20288.6 816. 4.7
Slab 103.000 62.375 642? 01.7 | 12351.0
Total 148.330 51.671 7664. 7.8 | 59455.7
Section Ybotmid Ytopmid id
(Inches) (Inches®)
Girder only 26.911 728.8
Deck Steel 34.501 1590.1
Composite (3n) 42.007 .9 3487.3
Composite (n) 51.233 1160.5 | 16906.8

Table 4-4 Section i inlg Effective Bottom Flange
Area o
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B AASHTO Spec.

Strength | Limit State Stresses - Dead Load + Positive Live Load:

The section properties for this case have been calculated in Tables
4-3 and 4-4. The stresses at the midthickness of the flanges are
shown in Table 4-6, which immediately follows the sample calculation
presented below.

A typical computation for the stresses occurring at the midthicknes
of the flanges is presented in the example below. The stress in the
bottom flange of the girder is computed using the 3n-composite
section for the composite dead load and future wearing surface,
and the n-composite section for the live load:

f=2
S

Noncomposite DL.:
Stress at the midthickness:
f= fbotgdr1
Noncomposite DL Moment:
MnpDL = -51.8K-ft
ly),
. 3
n

Section Modul ir m Table 4-3:

ncomposite dead load:

fbotgdrl = —074 kS|
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Composite DL:
Stress at the midthickness:

f= fbotgdr2
Composite DL Moment:
McpL = 15.5K-ft
Section Modulus (3n-composite), From Table 4-4:

Sbotgdrz = 10579|n3

Stress due to the composite dead load:

‘ ~ McpL ¢
botgdr, = —Sbotgdr2 bot

Future Wearing Surface:

dulus (3n-composite), From Table 4-4:

Sbotgdr3 = 10579|n3

Stress due to the composite dead load:

MFws

Sbotgdr3 S

fbotgdr3 =

4-16
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Positive Live Load:
Stress at the midthickness:
f= fbotgdr4
Live Load Moment:
MpLL = 1307.8K-ft
Section Modulus (n-composite), From Table 4-4:

Shotgdr, = 1160.5-in°

Stress due to the positive live load:

MpLL ?
fbotgdr == fbotg 2
4 Sbotgdr 4 4

The preceding stresses are now
factors to obtain the final factored
bottom flange for this load ¢ licable load factors for this
case were discussed previ

fbotgdr = (0-90'fb0
fbotgdr =

The stresses
are computed

the midthickness of the top flange for this load case
a similar manner. The section properties used to

obtain the stresses in the top flange are also from Tables 4-3 and 4-4.

4-17
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FHWA LRFD Steel Bridge Design Example
AASHTO Spec.

The top and bottom flange midthickness stresses are summarized in
Table 4-5, shown below.

Strength | - Dead Load + Positive Live Load
Summary of Unfactored Values
Loading Moment |  fyoimig fopmid
(K-ft) (ksi) (ksi)
Noncomposite DL| -51.80 -0.74 0.93
Composite DL 15.50 0.18 -0.05
FWS DL 18.80 0.21 -0.06
Live Load - HL-93 | 1307.80 13.52 -0.93
Summary of Factored Values
Limit State
Strength | | 2284.18 | 23.48 [ -0.93

Table 4-5 Strength | Flange Stresses for Dead

¢

The computation of the midthickness flange sses remaining
load cases are computed in a manner gimilar t at was shown in the

sample calculation that prece T

ead Load + Negatiwve Live Load
ary of Unfactored Values

ading Moment |  fyoimig fopmid

(K-ft) (ksi) (ksi)

Noncomposite DL| -51.80 -0.74 0.93
Composite DL 15.50 0.18 -0.12
Live Load - HL-93 | -953.30 -10.76 7.49

Summary of Factored Values

Limit State
Strength | | -1713.65 | -19.54 | 14.13

Table 4-6 Strength | Flange Stresses for Dead + Neg. LL
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FHWA LRFD Steel Bridge Design Example
AASHTO Spec.

Service Il Limit State - Dead Load + Positive Live Load:

The computed stresses in the following table require the use of section
properties from Table 4-2.

Senice Il - Dead Load + Positive Live Load
Summary of Unfactored Values
Loading Moment 1:botmid ftopmid
(K-ft) (ksi) (ksi)
Noncomposite DL| -51.80 -0.71 0.82
Composite DL 15.50 0.15 -0.05
FWS 18.80 0.19 -0.06
Live Load - HL-93 | 1307.80 11.91 -1.05
Summary of Factored Values

Limit State
Senice ll | 1682.64 | 1510 [ -0.65
Table 4-7 Service Il Flange Stresgs or S.LL
Service Il Limit State - De + N jve Live Load:
The computed stres Int llowifig table require the use of section
properties from Ta -2.

ea Load + Negative Live Load
ored Values
Moment 1:botmid ftopmid
(K-ft) (ksi) (ksi)
-51.80 -0.71 0.82
Composite DL 15.50 0.14 -0.01
Live Load - HL-93 | -953.30 -8.68 0.76
Summary of Factored Values
Limit State
Senicell | -1275.59 | -11.85 | 1.80

Table 4-8 Service Il Flange Stresses for Dead + Neg. LL
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Fatigue Limit State - Positive Live Load:

The computed stresses in the following table require the use of section
properties from Table 4-2.

Fatigue - Positive Live Load

Summary of Unfactored Values

Loading Moment fbotmid ftopmid

(K-ft) (ksi) (ksi)

Live Load-Fatigue | 394.30 3.59 -0.32
Summary of Factored Values
Limit State

Fatigue | 29573 | 2.69 | -0.24

Table 4-9 Fatigue Flange Stresses for Posit

¢

L

Fatigue Limit State - Negativ.

The computed stresses.in followiRg table require the use of section

properties from Tabl

- Negative Live Load
d Values
Moment fbotmid ftopmid
(K-ft) (ksi) (ksi)
-284.00 -2.59 0.23
ry of Factored Values
Fatigue | 21300 [ -1.94 [ o0.17

Table 4-10 Fatigue Flange Stresses for Negative LL
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AASHTO Spec.

Fatigue Limit State:

The computed stresses in the following table require the use of section
properties from Table 4-2.

Fatigue - Live Load
Summary of Unfactored Values
Loading Moment fbotw..eb ftopw.eb
(K-ft) (ksi) (ksi)
Live Load-Pos 394.3 3.56 -0.29
Live Load-Neg -284.00 -2.56 0.21
Summary of Factored Values
Limit State
Pos Fatigue 295.73 2.67 -0.22
Neg Fatigue -213.00 -1.92 0.16

Table 4-11 Fatigue Web Stresses for Positive @ad
Negative Live Load ‘

N
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A summary of the factored stresses at the midthickness of the top
and bottom flanges for the Strength I, Service Il, and Fatigue limit
states are presented below in Tables 4-12 through 4-14. Table
4-14 also contains the top and bottom web fatigue stresses.

Stress (ksi)
Limit State Location Dead + Pos. LL Dead + Neg. LL
Bottom Flange 23.48 -19.54
Strength | = Fiange 0.93 12.13

Table 4-12 Strength | Flange Stresses

Limit State Location Dead + Pos.
Senice |l Bottom Flange 15.10
Top Flange -0
Table 4-13 Service ange ses

Stress (ksi)
Positive LL Negative LL
2.69 -1.94
-0.24 0.17
Bottom of Web 2.67 -1.92
Top of Web -0.22 0.16

Tabl€ 4-14 Fatigue Flange and Web Stresses
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Strength | Minimum Design Force - Controlling Flange:

The next step is to determine the minimum design forces for the
controlling flange of each load case (i.e., positive and negative live
load). By inspection of Table 4-12, it is obvious that the bottom
flange is the controlling flange for both positive and negative live
load for the Strength | Limit State.

The minimum design force for the controlling flange, Pg,, is taken
equal to the design stress, F¢, times the smaller effective flange
area, Ae, on either side of the splice. When a flange is in
compression, the effective compression flange area shall be
taken as Ag = Ay.

The calculation of the minimum design force is presented
the load case of dead load with positive live load.

The minimum design stress for the controlling (bottom
computed as follows:

Maximum fle e fcf = 23.48-ksi
e midthickness of
at the point of

on factor. Rn = 1.0

ss reduction a =10
factor:

Resistance factor for flexure ¢f = 1.0
(Design Step 4.1):

Minimum yield strength of the flange: Fyf = 50Kksi

4-23
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Fef, = 36.74ksi

Compute the minimum required design stress:

Fcf2 = 0.75-a.-¢¢ Fyf
FCf2 = 37.50ksi

The minimum design stress for the boten fi
load case is:

Fef = maX(FcflaFcfz)
Fef = 37.50ksi

The minimum design w follovis:

Poges Fcf-Ae

The gr ottom flange is:

AflbL

AfpL = 12.25 in2

Design Step 4 - Bolted Field Splice Design
AASHTO Spec.
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Since the bottom flange force for this load case is a tensile force,
the effective area will be used. This value was computed previously
to be:

Aebot = 9.58in°

Therefore:

Pcu = Fcf-Aebot

Pcu = 359.25K
Table 4-15 presents the minimum design, forces for the@&tren Imit
State for both the positive and negative lo
Load Case Location Pcu (Kips)
Dead + Pos. LL|Bot. Flange 359.25
Dead + Neg. LL Bot. Flang 459.38

Table @y Flange Forces

In the abd glesign controlling flange force (Pey) is a
compressi Tegative live load.
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Strength | Minimum Design Force - Noncontrolling Flange: S6.13.6.1.4c

The next step is to determine the minimum design forces for the
noncontrolling flange of each load case (i.e., positive and negative
live load). By inspection of Table 4-12, the top flange is the
noncontrolling flange for both positive and negative live load for the
Strength | Limit State.

The minimum design force for the noncontrolling flange, Pncy, is
taken equal to the design stress, Fncf, times the smaller effective
flange area, Ag, on either side of the splice. When a flange is in
compression, the effective compression flange area shall be
taken as Ag = Ay.

The calculation of the minimum design force is presented
the load case of dead load with positive live load.
The minimum design stress for the non@troll'
computed as follows:

top)Wange is

SEquation
6.13.6.1.4c-2

faef = —0.93:ksi
Fcf = 37.50ksi
fof = 23.48ksi
F
Ref = -2 Ref = 1.60
fet
Hybrid girder reduction factor: Rph = 1.00
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Therefore:

Fanl = 149 kS|

Compute the minimum required design stress:

Fan2 = 37.50ksi

The minimum design stress in the top flz%]e is:
Fncf = maX(Fncf1 ,Fncfz)

Fncf = 3750 kS|

The minimum design force n

Q

Pncu = Fncf-Ae

For the positive

Ag = 8.75in"

Therefore:

Pncu = Fncf-Ag

Pncu = 328.13K (compression)
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Table 4-16 presents the minimum design forces for the Strength | Limit
State for both the positive and negative live load cases.

Strength | Limit State
Noncontrolling Flange
Load Case Location | foer (kSi) | Frer (ksi) | Area (in?) [Pncu (Kips)

Dead + Pos. LL| Top Flange| -0.93 37.5 8.75 328.13
Dead + Neg. LL| Top Flange| 14.13 37.5 6.84 256.50

Table 4-16 Noncontrolling Flange Forces

In the above table, the design noncontrolling flange fogce
compressive force for positive live load.

\ 4
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Service Il Limit State Flange Forces:

Per the Specifications, bolted connections for flange splices are to
be designed as slip-critical connections for the service level flange
design force. This design force shall be taken as the Service Il
design stress, Fs, multiplied by the smaller gross flange area on
either side of the splice.

Fs is defined as follows:

f
Fs = S
Rh
fs = maximum flexural Service Il stress at the midtQick
flange under consideration.

The factored Service Il design stresses ad 0 s@@wn in Table

4-17 below.

Load Case Ps (ips)
184.98
aF 0
Dead + Pos. LL 3.75 -5.69
12.25 -145.16
+ .
Dead + Neg. LL 8.75 15.75

vice Il Flange Forces

It is important @note here that the flange slip resistance must exceed
the larger of: (1) the Service Il flange forces or (2) the factored flange
forces from the moments at the splice due to constructibility (erection
and/or deck pouring sequence). However, in this design example,

no special erection procedure is prescribed and, per the Introduction
in Design Step 1, the deck is placed in a single pour. Therefore, the
constructibility moment is equal to the noncomposite dead load
moment shown at the beginning of this design step. By inspection,
the Service Il Limit State will control for checking of slip-critical
connections for the flanges and the web in this example.
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Fatigue Limit State Stresses: C6.13.6.1.4c

The final portion of this design step is to determine the range of the
stresses at the midthickness of both flanges, and at the top and
bottom of the web for the Fatigue Limit State. The ranges are
calculated below and presented in Table 4-18.

A typical calculation of the stress range for the bottom flange is show
below.

From Tables 4-9 and 4-10, the factored stresses at the
midthickness of the bottom flange are:

Case 1 - Positive Live Load:

fspos = 2.69-ksi
Case 2 - Negative Live Load: \ s

fsneg = —1.94-ksi

The stress range is deter, by:

Af = |f5pos| + |f |

Af

Fatigue Limit State
Stress Range (ksi)
Location Af (ksi)
Bottom Flange 4.63
Top Flange 0.41
Bottom of Web 4.59
Top of Web 0.38

Table 4-18 Fatigue Stress Ranges
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Design Step 4.4 - Design Bottom Flange Splice

Splice Plate Dimensions:

The width of the outside plate should be at least as wide as the width
of the narrowest flange at the splice. Therefore, try a 7/16" x 14"
outside splice plate with two 1/2" x 6" inside splice plates. Include a
1/2" x 14" fill plate on the outside. Figure 4-3 illustrates the initial
bottom flange splice configuration.

¢ Splice

Girder Girder
Web Web
!

Inside Spli late
2 Plat )

[ =7
Flange

7/8" x 14" NN
Fill Plate 3/8"x 14
14y 14"
Fig Botto lange Splice

The di ' ents involved in the bottom flange splice

Thickne e inside splice plate: tin = 0.50-in

Width of th@llside splice plate: bin = 6-in

Thickness of the outside splice plate: tout = 0.4375:-in
Width of the outside splice plate: bout = 14-in
Thickness of the fill plate: tfijl = 0.50-in
Width of the fill plate: bfijl = 14-in
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If the combined area of the inside splice plates is within ten C6.13.6.1.4c
percent of the area of the outside splice plate, then both the inside
and outside splice plates may be designed for one-half the flange
design force.

Gross area of the inside and outside splice plates:
Inside:
Agross_in = 2-tin-bin

. 2
Agross_in = 6.00|n

Outside:

Agross_out = tout-bout ‘

. 2
Agross_out = 6.13in

Check:

(l 3 Agross_in \

Agross_out

The cambined ar re within ten percent.

If the are d outside splice plates had differed by C6.13.6.1.4c
more than &R cent, the flange design force would be

proportioned® the inside and outside splice plates. This is
calculated b ltiplying the flange design force by the ratio of the
area of the sp@e plate under consideration to the total area of the
inner and outer splice plates.
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Yielding and Fracture of Splice Plates:

Case 1 - Tension:

At the Strength Limit State, the design force in the splice plates
subjected to tension shall not exceed the factored resistances
for yielding, fracture, and block shear.

From Table 4-15, the Strength | bottom flange tension design
force is:

Pcu = 359.25K

The factored tensile resistance for yielding on the gross

Pr = ¢y-Pny

Pr =6y -Fy-Ag ¢
Fy = 50ksi (Design Step 4.1)
¢y = 0.95 (Desi

For yielding of the outsi plice plat

Ag = Agross_

P
% — 179.63K

F)CU
Pr=29094K > —==179.63K OK
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For yielding of the inside splice plates:

Ag = Agross_in
Py = 285.00K

The inside splice plate takes half of the design load:

P
% = 179.63K

Pcu
Pr=285.00K > —==179.63K OK

The factored tensile resistance for fra&r 0
Pr = ¢y-Pnu \
Pr = du-Fu-An-U
Fy = 65ksi SteRké.1)

sign Si8p 4.1)

t tion is:

v area of the splice plates, assume four
718" bgligyacross the width of the splice plate.

The netWlidth shall be determined for each chain of holes
extendin@across the member along any transverse, diagonal
or zigzag line. This is determined by subtracting from the
width of the element the sum of the width of all holes in the
chain and adding the quantity s2/4g for each space between
consecutive holes in the chain. For non-staggered holes,
such as in this design example, the minimum net width is the
width of the element minus the number of bolt holes in a line
straight across the width.
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For fracture of the outside splice plate:

The net width is:

bn_out = bout — 4-dhole
dhole = 1.0in (Design Step 4.1)
bn_out = 10.00in

The nominal area is determined to be:

An out = bn_outtout

An_out = 438 |n2

The net area of the connecting eIe?e is .85 Ayt S6.13.5.2

An < 0.85-Ag

. 2
Agross_out = 6.13In

An out = 4.38in° 0.85 AW out = 5.21in°  OK

The og8ide splice plate takes half of the design flange force:

Pcu
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For fracture of the inside splice plates:

The net width is:

bn_in = bin — 2-dhole
bn_in =4.00in

The nominal area is determined to be:
An_in = 2(bn_in'tin)

An_in = 400 |n2

The net area of the connecting eIe‘nt L S6.13.5.2

An < 0.85-Ag

. 2
Agross_in = 6.00II’1

An in = 4.00in? 0.8540 9 in = 5.10in°  OK

The i splice plates take half of the design flange force:

P
> % — 179.63K OK
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Case 2 - Compression:

From Table 4-15, the Strength | bottom flange compression
design force is:

Pey = 459.38-K

This force is distributed equally to the inside and outside
splice plates.

The factored resistance of the splice plate is:
Rr = ¢¢c-Fy-As
dc = 0.90 (Design Step 4.1)

For yielding of the outside splice plate:‘

As = Agross_out

Rr_out = (|>c'Fy'As \
Rr out = 275.63K

F)CU
Rr out = 275. > 29.69K OK
iNsi lice plates:
Rr in = 270.00K
F)CU
Rr in = 270.00K > — - 229.69K OK
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Block Shear:

All tension connections, including connection plates, splice plates
and gusset plates, shall be investigated to ensure that adequate
connection material is provided to develop the factored
resistance of the connection. Block shear rupture will usually not
govern the design of splice plates of typical proportion. However,
the block shear checks are carried out here for completeness.

From Table 4-15, the Strength | bottom flange tension design force is;

Pcu = 359.25-K
To determine the appropriate block shear equation:

If Aty > 0.58-Ayn then:

Ry = ¢ps(0.58-Fy-Ayg + Fu-Am) \ 4

Otherwise:
Ry = dps-(0.58-Fy-Ayn +E

where, from Desig

Fy = 50ksi
Fu = 65ksi
Resistanc@factor for block shear: dps = 0.80
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Outside Splice Plate:
Failure Mode 1.:

A bolt pattern must be assumed prior to checking an assumed
block shear failure mode. An initial bolt pattern for the bottom
flange splice, along with the first assumed failure mode, is shown

in Figure 4-4. The outside splice plate will now be checked for
block shear.

” G Field
.1.507 A | Splice
1

Avg = [2:(3.00-in) + 1.50-in]-toyt
Ayg = 3.28in°

Net area along the plane resisting shear stress:
Avn = [2+(3.00-in) + 1.50-in — 2.5-dhole | -tout

Avn = 219 |n2
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Gross area along the plane resisting tension stress:

Arg = 5.47in°

Net area along the plane resisting tension stress:

Atn = [[2:(3.00-in) + 5.00-in + 1.50-in] — 3.5-dhole |- tout

An = 3.94in’

To determine which equation should be applied to calc
the factored resistance:

Am = 3.94in> >  0.58-Ay, = 1.27in°
Therefore, use SEquation 6.13.4-1:‘

Ry = 280.88K

Check:

Ry = 280.88
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Failure Mode 2:

See Figure 4-5 for Failure Mode 2:

150"
‘ |

3.00” } 3.00"—

Design Step 4 - Bolted Field Splice Design
AASHTO Spec.

=
U1 —|
Q

Figure 4-5 Outside

Net area along the plane resisting shear stress:

Avn = 2[2:(3.00:in) + 1.50-in — 2.5-dhole | tout

Ayn = 4.38in°
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Gross area along the plane resisting tension stress:

Atg = 2(3.00-in + 1.50-in) toyt
Atg = 3.94in°

Net area along the plane resisting tension stress:

Atn = 2 (3.00-in + 1.50-in) — 1.5dnole |- tout
A = 2.63in°

To determine which equation should be applied to ¢
the factored resistance:

Am = 2.63in° > 0.58-Ay, —@s54i

Therefore, use SEquation 6.13.4-14

Rr = dps(0.58-Fy-Ayg + Fy

Ry = 288.75K

OK
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Inside Splice Plates:

The inside splice plates will now be checked for block shear.
See Figure 4-6 for the assumed failure mode:

¢ Field
Splice

150"+ 300" - 3.00"

Ayg = 7.50in°

Net area along the plane resisting shear stress:

Avn = 2[[2-(3.00-in) + 1.50-in] — 2.5-dhole ] tin

Avn = 50|n2
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Gross area along the plane resisting tension stress:

Atg = 2(3.00-in + 1.50-in)-tjn
Ag = 4.50in

Net area along the plane resisting tension stress:
Atn = 2[(3.00-in + 1.50-in) — 1.5dpole |-tin

An = 3.00in?

To determine which equation should be applied to ¢
the factored resistance:

Am = 3.0in> >  0.58-Aypn = 2.90in?
Therefore, use SEquation 6.13.4-1: \

Rr = (I)bs(ongyAvg tn)

Ry = 330.00K
Check:

P
% - 179.63K  OK

4-44



FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

N AASHTO Spec.

Girder Bottom Flange:

The girder bottom flange will now be checked for block shear. See
Figure 4-7 for the assumed failure mode:

G Field

- 3.00"—+—3.00——F1.75|| Splice

Figure 4-7 Bottom Fl@lige - Blg

Applying the fact resist uations presented previously to
the boiem flange f assumed failure mode:

plane resisting shear stress:
[2-(3.00-in) + 1.75-in] - tfipL

Avg = M.13in°

Net area along the plane resisting shear stress:

Avn = 4[[2:(3.00-in) + 1.75-in] - 2.5-dhole | tibL

Ayn = 18.38in’
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Gross area along the plane resisting tension stress:

Atg = 2(3.00-in)-tipL
Atg = 5.25in"

Net area along the plane resisting tension stress:

Atn = 2[(3.00-in) — 1.0dnole |- tibL

A = 3.50in°

To determine which equation should be applied to cal
the factored resistance:

At = 3.50in° <  0.58-Ayp = 10.66in°

¢

Therefore, use SEquation 6.13.4-2:

Rr = dps-(0.58-Fy-Ay :

Ry = 764.19K

Check:

Re= 764.19

Pcu = 359.25K OK

It should w [ ough the block shear checks performed
in this desi ample indicate an overdesign, the number of bolts

cannot be re@iiced prior to checking shear on the bolts and
bearing at the@@plt holes. These checks are performed in what
follows.
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Flange Bolts - Shear:

Determine the number of bolts for the bottom flange splice plates
that are required to develop the Strength | design force in the flange
in shear assuming the bolts in the connection have slipped and
gone into bearing. A minimum of two rows of bolts should be
provided to ensure proper alignment and stability of the girder
during construction.

The Strength | flange design force used in this check was
previously computed (reference Table 4-15):

Pcu = 45938 K

The factored resistance of an ASTM A325 7/8" diam
high-strength bolt in shear must be determined, assu
threads are excluded from the shear plages. [
number of bolts required to provide adeaﬁslt S
determined by assuming the design force a

planes, known as double shear.

The nominal shear resistance is uted fi s follows:

Rp = (0.48-Ap-Fyp-Ns)

where:

bolt co onding to the Ap = %-dbonz

Ap = 0.60in’
Specified minimum tensile strength Fub = Fupolt
of the bolt from Design Step 4.1:
Number of shear planes per bolt: Ng = 2
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Rn = 2-(0.48-Ap-Fyp)

Rp = 69.27K

The factored shear resistance now follows:

RU = (I)s'Rn
¢s = 0.80 (Design Step 4.1)
Ry = 55.42K

When bolts carrying loads pass through fillers Q.25 inc or S6.13.6.1.5
more in thickness in axially loaded conné€tigns; in
girder flange splices, either:
The fillers shall be extend splice material
and shall be secured by eno Its o distribute the
total stress in the member unifo ombined section of
the member and the fille
The fillers need d developed provided that
e of the Dolts in shear at the Strength
Article 6.13.2.2, is reduced by an
In this desi mple, the reduction factor approach will be used
The reductiogifactor per the Specifications is:
R = [—} SEquation
(1+2y) 6.13.6.1.5-1
where
At
’Y = —
Ap
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Sum of the area of the fillers on the top and bottom
of the connected plate:

As = bl il

Af = 7.00in°

The smaller of either the connected plate area (i.e., girder flange)
or the sum of the splice plate areas on the top and bottom of the
connected plate determines A,

Bottom flange area:

bfipL = 14in

tipL = 0.875in

Ap1 = (bribL)-(trbL )
Ap1 = 12.25in°

Sum of splice plate areas |
areas of the inside and outsi

Agross_in = 6.00i

Ap2 = Agro +Agro

um of the areas is:
(Ap1.Ap2)

.2
Ap =12.13in

Therefore:

At
y—_

- y = 0.58
Ap

4-49



FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

The reduction factor is determined to be:

Rfill = {M} Rl = 0.73

(1+2y)

To determine the total number of bolts required for the bottom flange
splice, divide the applied Strength | flange design force by the reduced
allowable bolt shear strength:

R = Ry-Riill

R = 40.57K

The number of bolts required per side is:

N =— N =11.32

splice to
s twelve.

The minimum number of bolts required on hs
resist the maximum Strength | flange design eins

Flange Bolts - Slip Resistance:

Bolted connections for flan | be designed as
slip-critical connections for,
the flange design force fro constru ility, whichever governs.

In th|s deS|gn exampl nge force controls (see

Ps = 184.98-K

The factored resistance for slip-critical connections is:

Rr:Rn

Rn = KthNspt
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Determine the factored resistance per bolt assuming a Class
B surface condition for the faying surface, standard holes
(which are required per S6.13.6.1.4a) and two slip planes per
bolt:

Class B surfaces are unpainted blast-cleaned surfaces and S6.13.2.8
blast-cleaned surfaces with Class B coatings.

Additionally:
Number of slip planes per bolt: Ng = 2
Minimum required bolt tension: Pt = 39.0-K e 6.13.2.8-1

STable 6.13.2.8-2

Hole size factor: Kh = 1.0

Surface condition factor for STable 6.13.2.8-3

Class B surface conditions:

Rr = KhKSNSPt

The minimum number of bolts

N = 12 bolts determined previously to
satisfy the bolt shear requirements.

Therefore, t umber of bolts required for the bottom-flange splice is
controlled by bolt shear requirements. Arrange the bolts in three
rows of four bofts per line with no stagger.

I& Friction Coefficient Selection
\\!/'

*/ Weathering steel can be blasted for a Class B surface.
Also, for painted steel, most inorganic zinc (10Z)
primers provide a Class B surface.
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Flange Bolts - Minimum Spacing:

The minimum spacing between centers of bolts in standard holes
shall be no less than three times the diameter of the bolt.

dpolt = 0.875in (Design Step 4.1)

Smin = 3-dpolt

Smin = 2.63in
For this example, s = 3.00-in  (see Figures 4-4 thru 4-7)
The minimum spacing requirement is satisfied.

Flange Bolts - Maximum Spacing for Sealing:

The maximum spacing of the bolts is limitedgo p etration
of moisture in the joints.

For a single line adjacent to a
shape (for example, the bolts alo he plate parallel
to the direction of the applied :

S$<(4.0+4.01 <

tout = 0.4375in

4.0-in+ 4.0-toyt = 5.75in 5.75-in < 7.00-in

s < 5.75-in OK
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Next, check for sealing along the free edge at the end of the
splice plate. The bolts are not staggered, therefore the
applicable equation is:

s < (4.00 + 4.00-t) < 7.00

Maximum spacing along the free edge at the end of the splice
plate (see Figures 4-4 thru 4-7):

Send = 5.00-in

Maximum spacing for sealing:
4.00-in + 4.00-toyt = 5.75in
Send £ 5.75-in OK

Therefore the requirement is satisfied.

Flange Bolts - Maximum Pitch fo

The maximum pitch require, are icable only for
mechanically fastened buill®ip mem will not be applied in
this example.

Flange Bolts - Edge

For a 7/8" qidgmeter bolt measured to a sheared edge, the
minimum edge distance is 1 1/2".

Referring to Figures 4-4 thru 4-7, it is clear that the
minimum edge distance specified for this example is 1 1/2"
and thus satisfies the minimum requirement.

4-53

AASHTO Spec.

S6.13.2.6.3

S6.13.2.6.6

STable 6.13.2.6.6-1




FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

S AASHTO Spec

Maximum:

The maximum edge distance shall not be more than eight
times the thickness of the thinnest outside plate or five inches.

8.1t < 5.00:in
where:
t = tout

tout = 0.4375in

The maximum edge distance allowable is:

8-tout = 3.50in

ner of the

The maximum distance from the cor bol the
' 4-7):

splice plate or girder flange is equal t0 (rgfer

J(1.50-in)% + (1.75-in)2 22,30

and satisfies the maximum edg tance raguirement.

2.30-in < 3.50-in 0
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Flange Bolts - Bearing at Bolt Holes: S6.13.2.9

Check bearing of the bolts on the connected material under the
maximum Strength | Limit State design force. The maximum
Strength | bottom flange design force from Table 4-15 is:

Pcu = 45938 K

The design bearing strength of the connected material is calculated
the sum of the bearing strengths of the individual bolt holes paralle
the line of the applied force.

The element of the bottom flange splice that controls the b
check in this design example is the outer splice plate.

To determine the applicable equation for the calculat
resistance, the clear distance between holes and the
distance must be calculated and compa‘l to
the nominal diameter of the bolt. This checkggiel

dpolt = 0.875in

2-dpolt = 1.75in

For the bolts adjacent t
edge distance is 1 1/2"
between the edgef@Pth

the clear end distance
e end of the splice plate:

= 1.0in (Design Step 4.1)

The center-to-center distance between bolts in the
direction of the force is three inches. Therefore, the clear
distance between edges of adjacent holes is computed as:

LC2 = 3.00-in— dh0|e

L, = 2.00in
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For standard holes, where either the clear distance between holes
or the clear end distance is less than twice the bolt diameter:

Rn = 12LctFu
For the outside splice plate:

Thickness of the connected material: tout = 0.4375In

Tensile strength of the connected material F = 65ksi
(Design Step 4.1):

The nominal resistance for the end row of bolt holes is

as follows:

Rnl = 4(12Lc1t0utFu)

Rnl = 136.50K ‘
The nominal resistance for the remaimig b les is computed
as follows:

Rn2 = 8(12L02t0ut

Rn, = 546.00K

The total nomina istance e bolt holes is:

(Design Step 4.1)

Ry = ¢bb'Rn
Ry = 546.00K
Check:

Pcu
— =22969K < Ry =54600K OK
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Fatique of Splice Plates: S6.6.1

Check the fatigue stresses in the base metal of the bottom flange
splice plates adjacent to the slip-critical connections. Fatigue
normally does not govern the design of the splice plates, and
therefore, an explicit check is not specified. However, a fatigue
check of the splice plates is recommended whenever the
combined area of the inside and outside flange splice plates is
less than the area of the smaller flange at the splice.

From Table 4-18, the factored fatigue stress range at the
midthickness of the bottom flange is:

For load-induced fatigue considerations, each detalil Il Ty:

v-(af) < (AF) | \ 4 SEquation
6.6.1.2.2-1

where:

Load factor for the fatigue loa y = 0.75

Force effect, live load Ss ran the passage of

the fatigue load:
SEquation
6.6.1.2.5-1

The fatigue detail category under the condition of STable

Mechanically Fastened Connections for checking the 6.6.1.2.3-1

base metal at the gross section of high-strength bolted
slip-resistant connections is Category B.
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The parameters required for the determination of the
nominal fatigue resistance are as follows:

N = (365)-(75)-n-(ADTT)g SEquation
6.6.1.2.5-2
For Fatigue Category B: A = 120-108 STable

6.6.1.2.5-1

For a span length greater than 40.0 n=15
feet and at a location near the interior 2.5-2
support, the number of stress range
cycles per truck passage:

Single-lane ADTT, from Design ADTTsg
Step 3.1:

STable
6.6.1.2.5-3

Constant-amplitude fatigue threshold:;

® AFTH

Therefore:
N = 123187500

Determine the nominal fatigue

16-

Condition 1:

3
A) AF, = 4.60 ksi

AF, = FrH AF, = 8.00ksi  (governs)

Check that the following is satisfied:

Affact < (AF)n

Afract = 4.63ksi < AF, = 8.00ksi OK
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Control of Permanent Deflection - Splice Plates:

A check of the flexural stresses in the splice plates at the Service I
Limit State is not explicitly specified in the specifications. However,
whenever the combined area of the inside and outside flange splice
plates is less than the area of the smaller flange at the splice (which is
the case for the bottom flange splice in this example), such a check is
recommended.

The maximum Service Il flange force in the bottom flange is taken
from Table 4-17:

Ps = 184.98K

The following criteria will be used to make this check. Thg
presented is for both steel flanges of composite section:

fr < 0.95-Fyt ‘
where:

Elastic flange stress caus
by the factored loading:

Specified minimum yiel = 50ksi

of the flange (Design

The flange force i iStri to the inner and outer splice
plates due to the es being within 10 percent of each
other:

.2
Agross_out = 6.13|n

f out = P f out = 15.10Kksi

gross_out
f out = 15.10ksi < 0.95-Fyf = 47.50ksi OK
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The resulting stress in the inside splice plates is:

. 2
Agross_in = 6.00"’1

fin= P f in = 15.42ksi

B Agross_in

fin=1542ksi < 0.95-Fyf = 47.50ksi

Design Step 4.5 - Design Top Flange Splice

The design of the top flange splice is not included in t
example (for the sake of simplicity and ity
flange splice is designed using the same pr,
presented in this design example for the bot

du
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Design Step 4.6 - Compute Web Splice Design Loads

Web splice plates and their connections shall be designed for shear,
the moment due to the eccentricity of the shear at the point of splice,
and the portion of the flexural moment assumed to be resisted by the
web at the point of the splice.

Girder Shear Forces at the Splice Location:

Based on the girder properties defined in Design Step 3 (Steel

Girder Design), any number of commercially available software

programs can be used to obtain the design dead and live loads at
the splice. For this design example, the AASHTO Opis sof
was used. A summary of the unfactored shears at the sp
the initial trial of the girder design are listed below. The li
include impact and distribution factors.

Loads

Dead Loads:
Noncomposite:
Composite:

Future Wearing Surface:

Live Loads:
HL-93 Positive: pLL = 14.5-K
VNLL = -91.1-K
VpELL = 5.0-K

VNELL = —-33.4-K
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Web Moments and Horizontal Force Resultant:

Because the portion of the flexural moment assumed to be resisted
by the web is to be applied at the mid-depth of the web, a horizontal
design force resultant, H,y, must also be applied at the mid-depth of
the web to maintain equilibrium. The web moment and horizontal
force resultantare applied together to yield a combined stress
distribution equivalent to the unsymmetrical stress distribution in th
web. For sections with equal compressive and tensile stresses at th
top and bottom of the web (i.e., with the neutral axis located at the
mid-depth of the web), H,,, will equal zero.

In the computation of the portion of the flexural moment assui
to be resisted by the web, My, and the horizontal design f
resultant, Hyy, in the web, the flange stresses at the midt
of the flanges are conservatively used. This allows
same stress values for both the flange and web splic
simplifies the calculations. It is importa
stresses are taken as signed quantities
H,w (positive for tension; negative for com

The moment, My, due to the
is resisted solely by the web and
of the web (i.e., horizontal forceres
computed as:

shear, Vyw,
ut the mid-depth
. This moment is

e = 3.44in
The total web moment for each load case is computed as follows:

Mtotal = Muw + Myy

In general, and in this example, the web splice is designed under
the conservative assumption that the maximum moment and
shear at the splice will occur under the same loading condition.
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Strength | Limit State:

Design Shear: S6.13.6.1.4b

For the Strength | Limit State, the girder web factored shear
resistance is required when determining the design shear. Assume
an unstiffened web at the splice location. S6.10.7.2

v = 1.00 (Design Step 4.1)

Vr = ¢v'Vn

Vn = CVp

6.10.7.2-1
Vp = 0.58-Fyy-D-ty SEquation
6.10.7.2-2
where:
Ratio of shear buckling stre yi rength, C, S6.10.7.3.3a
is dependent upon the ratio [ :
k =5.0 S6.10.7.2

E = 29000-ksi
Specified Fyw = Fy
yield strength of the web _
(Design Step 4.1): Fyw = 50ksi
From Figure 4-1:
Web Depth: D = 54in
Thickness of the web: tw = 0.50in
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Compare:
b_ 108.00
ty

to the values for:

1.10- ::E—k =59.24 and 1.38- ::E—k = 74.32

yw yw

Based on the computed value of D/t,, use the following
equation to determine C:

o (1;\22(;3) ¢ \‘ s
) \

C =0.38

The nominal shear resista is com s follows:

Vp = 0.58-F tuy

Vp = 295.
The factored shear resistance now follows:
Vi = ¢V'Vn

V; = 295.91K
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At the strength limit state, the design shear, V,,, shall be taken as:

If V< 0.5V, then:

VUW = 15Vu
Otherwise:
Vu+ Vy
vV =
uw 2

The shear due to the Strength | loading at the point of spli
computed from the girder shear forces at the splice loc
at the beginning of this design step.

For the Strength | Limit State, the factored shear for{ghe
positive live load is: ‘

Vupos = 0.90-(V|\|D|_ + VCDL) + 1.75-\
Vupos =-37.17K

For the Strength | Limit S
negative live load is:

e fa d shear for the

Vineg = 1.25- 50-VEws + 1.75-VNLL

controls)

Since V,, exceeds one-half of V,:

Vu+ Vy
VUW = 2
Vuw = 279.05K
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Web Moments and Horizontal Force Resultants:
Case 1 - Dead Load + Positive Live Load:

For the loading condition with positive live load, the controlling

flange was previously determined to be the bottom flange. The
maximum elastic flexural stress due to the factored loads at the
midthickness of the controlling flange, fc, and the design stress
for the controlling flange, Fcf, were previously computed for this
loading condition. From Table 4-15:

fof = 23.48-ksi
Fef = 37.50-Ksi

For the same loading condition, the concurrent flex
the midthickness of the noncontrollin p)
previously computed. From Table 4-16:

facf = —0.93- ksi

Therefore, the portion of the flex oment@ssumed to be
resisted by the web is co ast

d girder reduction factor: Rp = 1.00

F
Ref = -2 Ref = 1.60
fet
Web thickness: tw = 0.50in
Web depth: D = 54in
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Compute the portion of the flexural moment to be
resisted by the web:

ty-D° 1

W

Mw_str pos = T Rh'Fcf—Rcf‘fncf|' =
12—

)

ft )

Mw_str_pos = 39473 Kft

The total web moment is:

Vuw = 279.05K e = 3.44in

Mtot_str_pos = Mw_str_pos + (VUW’

Miot_str_pos = 474.66

force resultant (the variables included
ed for My, sir pos):

— —.'(Rh'Fcf + Ref-frcf) CEquation
2 6.13.6.1.4b-2

Hw_str_pos = 48620K

The above value is a signed quantity, positive for tension and
negative for compression.
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Case 2 - Dead Load + Negative Live Load:

Similarly, for the loading condition with negative live load, the
controlling flange was determined to be the bottom flange. For this
case the stresses were previously computed. From Table 4-15:

fof = —19.54-ksi

Fof = —37.50-Ksi

For the noncontrolling (top) flange, the flexural stress a
midthickness of the flange, from Table 4-16:

The ratio, R, is computed ag follo \
F
Rcf = —Cf RC 2
fcf
Therefore:

1
Rh-Fcf - Rcf'fncf| : in\
12—

ft )

12

Mw_str_neg = 65425 Kft
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The total web moment is:

Vyw = 279.05K e = 3.44in

1)

1210

ft )

Mtot_str neg = Mw_str_neg + (VUW'e)'

Mtot_str_neg = 734.19 Kft

Compute the horizontal force resultan’ \A

tw-D
Hw_str_neg = T ( Rh-F¢ ffrct

O

d quantity, positive for tension, and

Hw_str neg = -
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Service Il Limit State:

Design Shear:

As a minimum, for checking slip of the web splice bolts, the S6.13.6.1.4b
design shear shall be taken as the shear at the point of splice
under the Service Il Limit State, or the shear from constructibility,
whichever governs. In this design example, the Service Il shear
controls (see previous discussion in Design Step 4.3).

The elastic shears due to the unfactored loads at the point of
the splice are listed at the beginning of this design step.

For the Service Il Limit State, the factored shear for th
positive live load is (ignore future wearing surface)

Vser_pos = 1OOVNDL+1OOVCD3 30°

Vser_pos = -50.65K

For the Service Il Limit
negative live load is

torgel shear for the
e future@earing surface):

+1.00-VcpL + 1.00-VEws + 1.30-VNLL

(governs)

Therefore:

Vw_ser = |Vser_neg
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Web Moments and Horizontal Force Resultants:

The web design moment and horizontal force resultant are
computed using CEquation 6.13.6.1.4b-1 and CEquation

6.13.6.1.4b-2, modified for the Service Il Limit State as follows: C6.13.6.1.4b
2
ty-D
M = — . |fg—f
w_ser 12 | S os|
ty-D

Hw_ser = T'(fs + fos)

In the above equations, fs is the maximum Service
midthickness flange stress for the load case consid
positive or negative live load). The SQice idthi

flange stress in the other flange, concurrgft wit

Case 1 - Dead Load + Positiv

The maximum midthickne ural stress for the load

case with positive live lo
occurs in the bottom fla ) bl€4-13:

fs_bot_pos = 1 -ksi

fO S_to

Therefore, f@the load case of positive live load:
2
IVlw_ser_pos =0 fs_bot_pos - fos_top_pos| : .
12 120

ft )

Mw_ser_pos = 15947 Kft
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The total web moment is:

Vw_ser = 198.53K e = 3.44in

1)

12.0

Mtot_ser_pos = Mw_ser_pos + (Vw_ser'e)'

216.34K-ft

Mtot_ser_pos

Compute the horizontal force resultant:

\ 4
tW'D

ft )
Hw_ser pos = —'(fs_bot_pos +fos to

Hw_ser_pos = 195.08K Q

The above value j

ua , positive for tension, and
negative for com .
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Case 2 - Dead Load + Negative Live Load:

The maximum midthickness flange flexural stress for the load
case with negative live load moment for the Service Il Limit
State occurs in the bottom flange. From Table 4-13:

fs_bot_neg = —11.85-ksi

fos_top_neg = 1.80-ksi

Therefore:

ty-D?

IV'w_ser_neg = T fs_bot_neg - fos_top_neg y
Mw_ser_neg =138.21 Kft

The total web moment is:

Vw_ser = 198.53K

Miot_ser_neg W_ser

Compute horizontal force resultant:

tw-D
Hw_ser neg = T'(fs_bot_neg + fos_top_neg)

Hw_ser_neg = -135.68K

The above value is a signed quantity, positive for tension, and
negative for compression.
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Fatigue Limit State:

Fatigue of the base metal adjacent to the slip-critical connections in the |C6.13.6.1.4a
splice plates may be checked as specified in STable 6.6.1.2.3-1 using
the gross section of the splice plates and member. However, the
areas of the web splice plates will often equal or exceed the area of the
web to which it is attached (the case in this design example).
Therefore, fatigue will generally not govern the design of the splice
plates, but is carried out in this example for completeness.

Design Shear:

For the Fatigue Limit State, the factored shear for the
positive live load is:

Vfat_pos = 0.75-VpfFLL
Viat_pos = 3.75K

For the Fatigue Limit State, the fact she r the

negative live load is:
LL :

Vfat_neg = 0.75-VNF

Vfat_neg = —-25.05K

Web Mo ontal Force Resultants:
The pd ur oment to be resisted by the web and
the hori3 pitant are computed from equations

Efruations 6.13.6.1.4b-1 and 6.13.6.1.4b-2,
respectivel§ with appropriate substitutions of the stresses in the
web caused@ly the fatigue-load moment for the flange stresses
in the equati@ns. Also, the absolute value signs are removed to
keep track of the signs. This yields the following equations:

ty-D?
e
My = 12 '(fbotweb—ftopweb)

tw-D
Hw = T'(fbotweb + ftopweb)
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Case 1 - Positive Live Load:

The factored stresses due to the positive live load moment for
the Fatigue Limit State at the top and bottom of the web, from
Table 4-14, are:

ftopweb_pos = —022kS|

fbotweb_pos = 2.67-ksi

Therefore:
ty-D>
Mw _fat_pos = 12 '(fbotweb_pos—ftopweb_pos)‘
Mw_fat_pos = 2926 Kft ‘

The total web moment is:

Vfat_pos = 375K

Hw_fat_pos = 3308K

The above value is a signed quantity, positive for tension, and
negative for compression.
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Case 2 - Negative Live Load:

The factored stresses due to the negative live load moment for
the Fatigue Limit State at the top and bottom of the web, from
Table 4-14, are:

fbotweb_neg = —192k8|
ftopweb_neg = 016kS|

Therefore:

ty-D>

IVlw_fat_neg = '(fbotweb_neg - ftopweb_ne

12 1
\ 4

Mw_fat_neg = —2106 Kft
The total web moment is: \
Vfat_neg = —2505K e = 44|n
g

Mtot_fat_neg 3 ' fat y t neg-€)-

K-ft
horizontal force resultant:

tw-D
Hw_fat_neg = T '(fbotweb_neg + ftopweb_neg)

Hw_fat_neg = -23.76K

The above value is a signed quantity, positive for tension, and
negative for compression.
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Design Step 4.7 - Design Web Splice

Web Splice Configuration:

Two vertical rows of bolts with sixteen bolts per row will be
investigated. The typical bolt spacings, both horizontally and vertically,
are as shown in Figure 4-8. The outermost rows of bolts are located 4
1/2" from the flanges to provide clearance for assembly (see the Al
Manual of Steel Construction for required bolt assembly clearances).
The web is spliced symmetrically by plates on each side with a
thickness not less than one-half the thickness of the web. Assume
5/16" x 48" splice plates on each side of the web. No web fill plate
necessary for this example.

€ Splice
|

3.00" 3/8" 4‘*

|
I

; ©
) o o
o )

Igure 4-8 Web Splice

Web Splice Design

A 1o
\N/r
:/ It is recommended to extend the web splice plates as
= near as practical to the full depth of the web between

flanges without impinging on bolt assembly
clearances. Also, two vertical rows of bolts in the web
on each side of the splice is considered a standard
minimum. This may result in an overdesigned web
splice, but is considered good engineering practice.
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Web Bolts - Minimum Spacing: S6.13.2.6.1

This check is only dependent upon the bolt diameter, and is therefore
satisfied for a three inch spacing per the check for the flange bolts
from Design Step 4.4.

Web Bolts - Maximum Spacing for Sealing: S6.13.2.6.2

The maximum spacing of the bolts is limited to prevent penetration
of moisture in the joints.

For a single line adjacent to a free edge of an outside plate or
shape (for example, the bolts along the edges of the plate
to the direction of the applied force):

S<(4.0+4.01) <70

where: ‘

Thickness of the thinner outside plate
or shape, in this case thegweb

Maximum spacing for sealing?

4.0-in+ 4.0-typ = BE25In 5.25-in £ 7.00-in

0-in < 5.2 OK

Web Bolt »h for Stitch Bolts: S6.13.2.6.3

The maxim
mechanically
this example.

pitch requirements are applicable only for
stened built-up members and will not be applied in
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Web Bolts - Edge Distance:

Minimum:
The minimum required edge distance is measured as the
distance from the center of any bolt in a standard hole to an
edge of the plate.

For a 7/8" diameter bolt measured to a sheared edge, the
minimum edge distance is 1 1/2".

Referring to Figure 4-8, it is clear that the minimum edge
distance specified for this example is 1 1/2" and thus
satisfies the minimum requirement.

Maximum:

The maximum edge distance shall n?)e
times the thickness of the thinnest outsi

8-t < 5.00-in

where:

t:twp

The dge nce allowable is:

8-ty

The maxi distance from the corner bolts to the corner of the
splice plateVor girder flange is equal to (reference Figure 4-8):

J(1.50-in)% + (1.50-in)2 = 2.12in

and satisfies the maximum edge distance requirement.

2.12-in < 2.50-in OK
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Web Bolts - Shear:

Calculate the polar moment of inertia, I, of the bolt group on each side
of the centerline with respect to the centroid of the connection. This is
required for determination of the shear force in a given bolt due to the
applied web moments.

Ip = %[ 32-(n2 - 1) + gz-<m:2 - 1)] gEgUGatliO:b .

where:

Number of vertical rows of bolts:
Number of bolts in one vertical row:
Vertical pitch:

Horizontal pitch:

The polar moment of inertia is:

Ip = 6192.00in°

The total number of bolts off*€ach side of the splice,
vertical per side with sixteen bolts per row, is:

Under the mos¥critical combination of the minimum design shear,
moment and horizontal force, it is assumed that the bolts in the web
splice have slipped and gone into bearing. The shear strength of an
ASTM A325 7/8" diameter high-strength bolt in double shear,
assuming the threads are excluded from the shear planes, was
computed in Design Step 4.4 for Flange Bolts - Shear:

Ry = 55.42K
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& IA Threads in the Shear Plane
SV
‘/ Since the bolt shear strength for both the flange and
s web splices is based on the assumption that the

threads are excluded from the shear planes, an
appropriate note should be placed on the drawings to
ensure that the splice is detailed to exclude the bolt
threads from the shear planes.

Case 1 - Dead Load + Positive Live Load:

The following forces were computed in Design Step 4.6:

Viw = 279.05K

Mtot_str_pos = 474.66 Kft ‘
Hw_str_pos = 486.20K

e apPlied shear force:

The vertical shear force in th due

Vuw

P =

V_str Np

Pv_str = 872
The al shea e in the bolts due to the horizontal

PH_str_pos =15.19K

Determine the horizontal and vertical components of the bolt shear
force on the extreme bolt due to the total moment in the web:

M -X M
total and Puih = totalY

Ip Ip

Pmy =
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For the vertical component:

X = 9 X = 1.50in

2

For the horizontal component:

y = % y = 22.50in

Calculating the components:

Miot_str pos:(X) in
PMv_str_pos = =P : 12'—\

Iy ft )

\ 4

PMv_str_pos = 1.38K

I:)Mh_str_pos =
I:)Mh_str_pos =

r the extreme bolt is:

2
Py str+ F’Mv_str_pos)
2
+ (PH_str_pos + I:’Mh_str_pos)

Pr_str_pos = 37.29K
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Case 2 - Dead Load + Negative Live Load:

The following forces were computed in Design Step 4.6:

Mtot_str_neg = 73419 Kft

Hw_str_neg = —14016 K

The vertical shear force in the bolts due to the applied @

Vuw !
P =
v_str Np

Pv_str = 872K

The horizontal shear force in th ts due e horizontal

force resultant:
|HyastBlieg

PH str neg =

Np
£33 K

DetermingliRe horizontal and vertical components of the bolt
shear force the extreme bolt due to the total moment in the web:

Calculating the components:

Miot str neg-(X) in
PMv_str_neg = = I_ Ay 12‘E)
p

PMv_str neg = 2.13K
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Miot_str_neg(¥) in
PMh_str_neg = L. 12'—\

Ip ft )
PMh_str_neg = 32.01K

The resultant bolt force is:

2

Pr_str neg = (Pv_str + I:’Mv_str_neg)
2

+ (PH_str_neg + PMh_str_neg)

Pr_str_neg = 3798K ‘

The governing resultant bol

Pr str = maX(Pr_str

Pr_str = 37

Che

Pr str €37.98K < Ry =5542K OK
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Service Il Limit State:

The factored slip resistance, Ry, for a 7/8" diameter
high-strength bolt in double shear for a Class B surface and
standard holes was determined from Design Step 4.4 to be:

R, = 39.00-K

Case 1 - Dead Load + Positive Live Load:

The following forces were computed in Design Step 4.6:
Vi _ser = 198.53K
Mtot_ser pos = 216.34K.ft L 3 A
Hw_ser pos = 195.08K \
The vertical shear force in t@pphed shear force:
Vw_ser Q

Ps ser =

Np
0K

The hori rce in the bolts due to the horizontal
force res :
Py B Hw_ser_pos
_ser_pos = —
Np

PH_ser_pos = 6.10K
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Determine the horizontal and vertical components of the bolt shear
force on the extreme bolt due to the total moment in the web:

For the vertical component:

X = 1.50in

Mtot_ser_pos*(X) (122\
Iy ft )

PMv_ser_pos =

PMv_ser_pos = 0.63K

For the horizontal component: ‘

y = 22.50in

I:’Mh_ser_pos =

2
Pr_ser_pos = (Ps_ser+ F’Mv_ser_pos)

2
+ (PH_ser_pos + I:’Mh_ser_pos)

Pr_ser_pos =16.97K
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Case 2 - Dead Load + Negative Live Load:

The following forces were computed in Design Step 4.6:

Vw_ser = 198.53K
Mtot_ser_neg = 195.08K-ft

Hw_ser_neg = —13568K

The vertical shear force in the bolts due to the applied

P _ Vw_ser
s_ser Np ‘
Ps_ser = 620K

The horizontal shear force j due to the horizontal

force resultant:

PH_ser neg

Determine
shear force

horizontal and vertical components of the bolt
the extreme bolt due to the total moment in the web:

For the vertical component:

Mtot_ser_neg*(X) in
PMv_ser neg = = I_ g : 12-E)
p

PMv_ser neg = 0.57K
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For the horizontal component:

Miot ser neg(y) in
PMh_ser_neg = S 12'—\

lp ft )
PMh_ser_neg = 8.51K

The resultant bolt force is:

2
Pr ser neg = (Ps_ser+ I:’Mv_ser_neg)

+ (PH_ser_neg + P‘h_se

Pr_ser_neg = 1443K

The governing resultant bolt forc

Pr_ser = maX(P S OSvPr_ _neg)

Pr ser #16.97K < Ry =39.00K OK

Thirty-two 7/8" diameter high-strength bolts in two vertical
rows on each side of the splice provides sufficient resistance
against bolt shear and slip.
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Shear Yielding of Splice Plates:

Check for shear yielding on the gross section of the web
splice plates under the Strength | design shear force, V

Vyw = 279.05K

The factored resistance of the splice plates is taken as:

Rr = ¢y-Rn

Rn = 0.58-Ag-Fy

The gross area of the web splice is calculated as follow,
Number of splice plates:  Nyp = 2
Thickness of plate: twp = 0‘25 [

Depth of splice plate: dwp = 48-in

Agross_wp = Nwp-twp-dwp
.2 c
Agross_wp = 30.00In

From Design Sie@rd.1

ield strength of Fy = 50ksi

—

factorfor shear: ¢y = 1.0

The factored ar resistance is then:

Ry = ¢V-(0.58)-(Agross_wp)'(FY)
Ry = 870.00K

Check:
Vuw = 279.05K < Ry = 870.00K OK
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Fracture and Block Shear Rupture of the Web Splice Plates:

Strength | Limit State checks for fracture on the net section of web
splice plates and block shear rupture normally do not govern for
plates of typical proportion. These checks are provided in this
example for completeness.

From Design Step 4.6, the factored design shear for the Strength |
Limit State was determined to be:

Viw = 279.05K

Fracture on the Net Section:

Investigation of critical sections and failure modes, otR& th
block shear, is recommended, including the ca sectl
extending across the full plate width, and¢’the

parallel planes. This may be a more sever uire a
girder flange or splice plate than the block sh upture mode.

For this case, the areas of the
considered to be zero.

Atg = 0.0-in”
Therefore, the facto esista

Aun + Fy-Agg)
(Design Step 4.1)

where the net area resisting shear:

Avn = pr‘(dwp - an‘dhole)‘twp
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Design Step 4 - Bolted Field Splice Design

_ AASHTO Spec.
Number of web plates: Nwp = 2
Depth of the web plate: dwp = 48in
Number of bolts along one Nfn = 16
plane:
Thickness of the web plate: twp = 0.3125in
From Design Step 4.1:
Specified minimum yield strength of the Fy = 50ksi

connected material:

Specified minimum tensile strength of the u |

connected material:

Diameter of the bolt holes: ‘ d = 1.0in
Net area resisting shear: \

Ayn = pr'(dwp— Nin - dhSight

Ayn = 20.00in?

Avn of the splice pl
strength of the spli
the gross area o

t@ke used
plat nn

lates:

Ayn = 20.00in®>  OK
The factored resistance is then:
Rr = ¢bs'(0-58'Fu'Avn)
Ry = 603.20K > Vuw = 279.05K OK
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Block Shear Rupture Resistance:

Connection plates, splice plates and gusset plates shall be
investigated to ensure that adequate connection material is
provided to develop the factored resistance of the connection.

Determine the applicable equation:
If Aipn > 0.58-Ayn then:
Rr = (I)bs(ongyAvg + FuAtn)
otherwise:

Rr = (I)bs(onguAvn + FyAtg)

Figure 4-9 Block Shear Failure Mode - Web
Splice Plate
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S AASHTO Spec

Gross area along the plane resisting shear stress:
Avg = Nwp-(dwp — 1.50-in) -twp
. 2
Avg = 29.06in
Net area along the plane resisting shear stress:

Avn = Nwp [ dwp — 1.50-in - 15.50-(dhole) |-twp

Ayn = 19.38in’
Gross area along the plane resisting tension stress:

Atg = 2.81in°

Atn = Nyp[ 1.50-in+ 3.

A = 1.88in°
Identify the approprij loC argguation:
0.58-Ayp = 11.24in°

Therefore, 8.4-2 is the governing equation:

Ry = 0.58-Fy-Ayn + Fy-Ag)
Rr = 696.85K
Check:

Vyw = 279.05K < Ry =696.85K OK
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Flexural Yielding of Splice Plates: S6.13.6.1.4b

Check for flexural yielding on the gross section of the web splice
plates for the Strength | Limit State due to the total web moment
and the horizontal force resultant:

MTotal Huw
f = +

< ¢op-F
SpI Agross_wp Y

where:

Resistance factor for flexure (Design Step 4.1): )

Section modulus of the web splice ;xﬂe:

1
SpI = E 'Agross_wp : dwp \

Spl = 240.00in°

Case 1 - Dead Load + Po Live Lea

e
/4.66

M ' H
tot_str_pos ( 12. m\ N W_str_pos
ft j Agross_wp

fstr_pos = 39.94ksi

fstr_pos =39.94ksi < (I)ny =50ksi OK
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e AASHTO Spec

Case 2 - Dead Load + Negative Live Load:

Mtot_str_neg = 73419 Kft

Hw_str_neg = —14016 K

' H
12'&\ N | wW_str_neg

Mtot_str_neg (
ft ) Agross_wp

fstr neg =
- S
pl

fstr_neg = 4138 kS|

fstr_neg = 4138 kS| <
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. AASHTO Spec.

Control of Permanent Deflection - Splice Plates: S6.10.5.2

Check the maximum normal stress on the gross section of the
web splice plates for the Service Il Limit State due to the total
web moment and horizontal force resultant:

M H
fo—o@, W <095F

SpI Agross_wp

where:

Spl = 240.00in°

. 2
Agross_wp = 30.00in ‘ A

Case 1 - Dead Load + Positiveghive

Miot_ser_pos = 216.34

Hw_ser pos =

ot_ser*pos in Hw_ser pos
fser_po — " = (12_\ +—_— =

S pl ft j Agross_wp

fser_pos = 1732 kS|

fser_pos = 1732 kS| < 095Fy = 4750 kS| OK

4-96



FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design

- AASHTO Spec

Case 2 - Dead Load + Negative Live Load:

Miot_ser neg = 195.08 K-t

Hw_ser_neg = -135.68K

| Hw_ser_neg

12-i—n\ +
ft ) Agross_wp

fser_neg = 14.28ksi
fser neg = 14.28ksi < 0.95-Fy = 4*@

Mtot_ser_neg
fser_neg ==
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Web Bolts - Bearing Resistance at Bolt Holes: S6.13.2.9

Since the girder web thickness is less than twice the thickness of
the web splice plates, the girder web will control for the bearing
check.

Check the bearing of the bolts on the connected material for the
Strength | Limit State assuming the bolts have slipped and gone int
bearing. The design bearing strength of the girder web at the
location of the extreme bolt in the splice is computed as the minimu
resistance along the two orthogonal shear failure planes shown in
Figure 4-10. The maximum force (vector resultant) acting on the
extreme bolt is compared to this calculated strength, which i
conservative since the components of this force parallel t
surfaces are smaller than the maximum force.

Shear Planes
— for Bearing

(Typ.)

png Resistance - Girder Web

To determine\lle applicable equation for the calculation of the S6.13.2.9
nominal bearin@ resistance, the clear distance between holes and
the clear end distance must be calculated and compared to the
value of two times the nominal diameter of the bolt. This check
yields:

dpolt = 0.875in (Design Step 4.1)

2-dpolt = 1.75in
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The edge distance from the center of the hole to the edge of the
girder is taken as 1.75". Therefore, the clear distance between the
edge of the hole and the edge of the girder is computed as follows:

d
Le, = 1.75:in- hole

dhole = 1.0in  (Design Step 4.1)

Le, = 1.25in

The center-to-center distance between adjacent holes i
Therefore, the clear distance between holes is:

LC = 3.00:in— dh0|e
i \ 4

L, = 2.00in

For standard holes, where eith
between holes is less than 2.0d,
is less than 2.0d:

Rn = 12LctFu

From Design Ste
na€ted material: tw = 0.50in
ength of the connected material: Fu = 65ksi

The nominal bearing resistance at the extreme bolt hole is as
follows:

Rn = 12Lclthu

Rp, = 48.75K
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N AASHTO Spec.

The factored bearing resistance is:

Rr = ¢pp-Rn
dpp = 0.80 (Design Step 4.1)
Ry = 39.00K

The controlling minimum Strength | resultant bolt force was
previously computed:

Pr str=37.98K < Ry =239.00K OK

& I Bolt Holes
N . L
"/ Should the e be exceeded, it is

= recommen distance be increased

slightly dmli [ ng the number of bolts or
thic

4-100



FHWA LRFD Steel Bridge Design Example Design Step 4 - Bolted Field Splice Design
AASHTO Spec.

Fatique of Splice Plates:

For load-induced fatigue considerations, each detail shall satisfy:

v-(af) < (aF)

Fatigue is checked at the bottom edge of the splice plates, which
by inspection are subject to a net tensile stress.

The normal stresses at the bottom edge of the splice plates due
to the total positive and negative fatigue-load web moments and
the corresponding horizontal force resultants are as follows:

Miotal Hw
f = +

SpI Agross_wp

From previous calculations:
. 3
Spl = 240.00in

Agross_wp = 3000|n2

Hw_fat_pos = 33.08K

Miot_fat_pos in Hw_fat pos
ffat_pOS - = =", 12_\ + =

SpI ft) Agross_wp

ffat_pos = 2.62Kksi
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Case 2 - Negative Live Load:
From Design Step 4.6:

Mtot_fat_neg = —28.24 K- ft

Hw_fat_neg = -23.76K

Mtot fat ne in Hw fat ne
ftat neg = ———— 9. 12'—\+—_ Sl

SpI ft ) Agross_wp

ffat_neg = —-2.20ksi
The total fatigue-load stress range at the b&

web splice plates is therefore:

YAf = |ffat_pos| + |ffat_neg| Q

YAF = 4.82Ksi

From Degign Step 4.
determi :

e fatigue resistance was

The fatigue cR8ck is now completed as follows:

YAf = 4.82ksi < AF, = 8.00ksi OK
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Design Step 4.8 - Draw Schematic of Final Bolted Field
Splice Design

Figure 4-11 shows the final bolted field splice as determined in this
design example.

¢ Bolted Field
Splice
!

1

T

.9375" (Typ.)

}

O

Web Plate
54" x 15"
(Typ.)

—

3.00"
(Typ.)

2 - Web Splice
Plates
/ 48" x 5/16" \

All Bolts -
718" Diameter
ASTM A325

OOOOOLOOOO
O O O O O O O 0OF

4.50" ¢(Typ.)

1

\Flange Plate
L—" 14" x 1 3/8"

Il Plate K

Flange Plate
e 14"x %" Outside 2 Spa. At 3"
Splice Plate 12 Bolts
14" x 7/16" Total (Typ.)

Figure 4-11 Final Bolted Field Splice Design
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Miscellaneous Steel Design Example
Design Step 5

Table of Contents

Design Step 5.1 - Design Shear Connectors 2
Design Step 5.2 - Design Bearing Stiffeners
Design Step 5.3 - Design Welded Connections
Design Step 5.4 - Design Cross-frames

(It should be noted that Design Step 5.4
presents a narrative description rather than
Bearing stiffeners

design computations.)
ions ociated
d [ he actual
eel de
Welded connections
Diaphragms and crg88-frames
Lateral bracing
Girder cambe

For this gdgsign exam omputations for the shear connectors, a

onnection, and a cross-frame will be
atU¥€s must also be designed, but their

design cof ot included in this design example.

Design Step 5 consists of various desigl‘om
with the steel girder but not necessarily req
plates of the steel girder. Such miscellaneo
computations include the following:

Shear connectors

ogkwpbE

The followin@inits are defined for use in this design example:

K = 1000lb ksi = < kst = <
2 2

in ft

Refer to Design Step 1 for introductory information about this design
example. Additional information is presented about the design
assumptions, methodology, and criteria for the entire bridge, including
the design features included in this design step.

5-1
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Design Step 5.1 - Design Shear Connectors

Since the steel girder has been designed as a composite section,
shear connectors must be provided at the interface between the

concrete deck slab and the steel section to resist the interface shear.

For continuous composite bridges, shear connectors are normally
provided throughout the length of the bridge. In the negative flexure
region, since the longitudinal reinforcement is considered to be a p
of the composite section, shear connectors must be provided.

Studs or channels may be used as shear connectors. For this desi

example, stud shear connectors are being used throughout the len
of the bridge. The shear connectors must permit a thorough

the concrete and the steel.

The following figure shows the stud she
well as the location of the stud head with

ck.

tud Shear Connectors

Shear Connector Embedment

ure Region A B C

I 2.875" | 3.125" | 5.375"
Intermediate 2.25" 3.75" 475"
Negative 1.00” 5.00” 3.50"

Table 5-1 Shear Connector Embedment
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& I& Shear Connector Layout
A/
*/ It is common to use several stud shear connectors per
s transverse row along the top flange of the girder. The
number of shear connectors per transverse row will
depend on the top flange width. Refer to S6.10.7.4.1c
for transverse spacing requirements.

& I& Shear Connector Length
W/
*/ The stud shear connector length is commonly set suc
s that its head is located near the middle of th
slab. Refer to S6.10.7.4.1d for shear conn
embedment requirements.

The ratio of the height to the diameter o%stu
not be less than 4.0. For this design exa ,

based on the dimensions presented in Figu 1, as

Heightstyg = 6.0-in
Diameterstyg = 0.875-in

Heightstyg

Diametersiyg -

The pitch of the sh t be determined to satisfy the
ifi .10.7.4.2 and S6.10.7.4.3, as

i umber of shear connectors must not be
less tha to satisfy the strength limit states as

The pitch, pR@I the shear connectors must satisfy the following
equation:

p <
Vsr-Q

The parameters | and Q are based on the short-term composite
section and are determined using the deck within the effective flange
width.
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o AASHTO Spec.

In the positive flexure region:
n=3 (see Figure 5-1)
| = 66340.3-in” (see Table 3-4) $6.10.3.1.1b

o [(8-0'"‘)';103'0‘i”)}-(62.375-in ~ 50.765-in)

Q = 1195.8in°

In the positive flexure region, the maximum fatigue live loa
shear range is located at the abutment. The factored valu
computed as follows:

Vgr = 0.75-(41.45-K + 5.18-K)
Vsr == 3497K

(see live load analysis computer run)

4

2
Zr = a-d® > 5'52'd S6.10.7.4.2
N = 82125000 ee Ste 4 at location S6.6.1.2.5
imu sitivéflexure)
: : )
in
2
5.5.d _ 211
2
=2.11-K
p = 10.04in
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T AASHTO Spec.

In the negative flexure region:
n=3 (see Figure 5-1)

In the negative flexure region, the parameters | and Q may SC6.10.7.4.1b
be determined using the reinforcement within the effective
flange width for negative moment, unless the concrete slab
is considered to be fully effective for negative moment in
computing the longitudinal range of stress, as permitted in
S6.6.1.2.1. For this design example, | and Q are assumed
to be computed considering the concrete slab to be fully
effective.

| = 130196.1-in*  (see Table 3-5)

o [(8-0'"‘)'(103'0'i”)}-(64.2so-in ~ 46.702-in

8

Q = 1807.4in°
Vgr = 0.75-(0.00-K + 46.53-K)
Vgr = 34.90K \
(see Table 3-1 an ad a IS puter run)
2
7 = o-d® > 5'52'd $6.10.7.4.2
A1, (see pY@vious computation)
il P = 13.07in
Q

abBve pitch computations to satisfy the
fatigue lim ' following pitch throughout the entire girder
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I& Shear Connector Pitch
N/

‘/ The shear connector pitch does not necessarily have
= to be the same throughout the entire length of the
girder. Many girder designs use a variable pitch, and

this can be economically beneficial.

However, for this design example, the required pitch
for fatigue does not vary significantly over the length of
the bridge. Therefore, a constant shear connector
pitch of 10 inches will be used.

In addition, the shear connectors must satisfy the followin
requirements:

p < 24-in OK

p>6-d

d = 0.875-in 6-d = 5.25in @)
For transverse spacing, the shear con t be placed
transversely across the top fla se and may be

spaced at regular or variable int

than 4.0 stud diameters
al axis of the supporting

Stud shear connectors mus
center-to-center transvers
member.

the longit

= 5.0-in (see Figure 5-1) OK

In additio S anCe between the edge of the top flange and
ear connector must not be less than 1.0

Bclear = % - 5in —g (see Figure 5-1)

Distanceclear = 1.56in OK

The clear depth of concrete cover over the tops of the shear
connectors should not be less than 2.0 inches, and shear connectors
should penetrate at least 2.0 inches into the deck. Based on the
shear connector penetration information presented in Table 5-1, both
of these requirements are satisfied.
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For the strength limit state, the factored resistance of the shear
connectors, Q,, is computed as follows:

Qr = ¢sc'Qn
bsc = 0.85

The nominal shear resistance of one stud shear connector
embedded in a concrete slab is computed as follows:

Qn = 0'5'ASC"\’f'C'EC < Asc'Fu

2
ASC = TC'% ASC = 0601”‘]2

f'e = 4.0-ksi (see Design Step 3.
Ec = 3834 -ksi (see Design Ste 8.3

0.5-0.601-/4.0-3834 = 3

0.601-60.0 = 36.06
Therefore, Qp .06-
Qr = ¢s¢'Qn
Therefore, Q 65K

The number of she nnec ided between the section of
maximungpositive m t and each adjacent point of 0.0 moment
or betwé > j oint of 0.0 moment and the centerline of
an interioghs e less than the following:

The total horiz@htal shear force, Vi, between the point of maximum
positive moment and each adjacent point of 0.0 moment is equal to
the lesser of the following:

Vh = 085flcbts
or
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where  f'c = 4.0ksi (see Design Step 3.1) S54.2.1
b = 103.0:in (see Design Step 3.3)

ts = 8.0-in (see Design Step 3.1)
Fyw = 50-ksi (see Design Step 3.1) STable 6.4.1-1
D = 54:-in (see Design Step 3.18)

tw = 0.50-in (see Design Step 3.18)

Fyt = 50-ksi (see Design Step 3.1) le 6.4.1-1
bt = 14-in (see Design Step 3.18)

tt = 0.875-in (see Design S

Fyc = 50-ksi (see Desi STable 6.4.1-1
bf = 14-in (see Desig
tf = 0.625-in p 3.18)
0.85-f'c-b-ts = 2802K
Fyw'D-tw + Fyt-b-t + Fy
Therefore, Vp =
torS provided between the S6.10.7.4.4a

nd each adjacent point of
following:

L = 48.0-ft (see Table 3-7)

Similarly the distance between the section of the maximum positive
moment and the point of dead load contraflexure is approximately
equal to:

L = 83.6-ft — 48.0-ft (see Table 3-7)
L = 35.6ft
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Using a pitch of 10 inches, as previously computed for the fatigue
limit state, and using the minimum length computed above, the
number of shear connectors provided is as follows:

L-(12 %

n=3:

p
L = 35.6ft p = 10in
n=128.2 OK

For continuous span composite sections, the total horizontal shear 4.4b
force, Vi, between each adjacent point of 0.0 moment and the
centerline of an interior support is equal to the following:
Vh = Ar'Fyr
where A, = 12.772-in’ (see Design
Fyr = 60-ksi  (@e
Vh = Ar'Fyr
Vh = 766K
Therefore, the number of shear c ided between each S6.10.7.4.4a
adjacent point of 0.0 momen nterline®of an interior
support must not be less t X
Vh

n =

int of dead load contraflexure and the
tpport is approximately equal to:

70 -ft — 83.6-ft (see Table 3-7)

Using a pitch of 10 inches, as previously computed for the fatigue
limit state, the number of shear connectors provided is as follows:

L-(12 %

p

n=131.0 OK
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Therefore, using a pitch of 10 inches for each row, with three stud

shear connectors per row, throughout the entire length of the girder
satisfies both the fatigue limit state requirements of S6.10.7.4.1 and
S6.10.7.4.2 and the strength limit state requirements of S6.10.7.4.4.

Therefore, use a shear stud spacing as illustrated in the following
figure.

Symmetrical about € Pier

| 144 Spaces @ 10" =120'-0"
r (3 Stud Shear Connectors Per Row)

«—— @€ Bearing Abutment

¢ Pier—
Figure 5-2 Sh tor Spdcing
Design Step 5.2-D [ feners
Bearing stiffeners a Ist the bearing reactions and S6.10.8.2.1

other co@entrated lo
constructiif

either in the final state or during

For plate d
webs at all
concentrated

g stiffeners are required to be placed on the
Ing locations and at all locations supporting
ads.

Therefore, for this design example, bearing stiffeners are required at
both abutments and at the pier. The following design of the abutment
bearing stiffeners illustrates the bearing stiffener design procedure.

The bearing stiffeners in this design example consist of one plate
welded to each side of the web. The connections to the web will be
designed to transmit the full bearing force due to factored loads and
is presented in Design Step 5.3.
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N AASHTO Spec.

The stiffeners extend the full depth of the web and, as closely as
practical, to the outer edges of the flanges.

Each stiffener will either be milled to fit against the flange through
which it receives its reaction or attached to the flange by a full
penetration groove weld.

The following figure illustrates the bearing stiffener layout at the
abutments.

T

€ Bearings at‘
Abutment
Partial Girder Elevatiglnat A
Bega tiffener

Web

ol
f

e

«—— Bearing Stiffener

t, = 11/16"
(Typ.)

Section A-A

Figure 5-3 Bearing Stiffeners at Abutments

5-11



FHWA LRFD Steel Bridge Design Example Design Step 5 - Miscellaneous Steel Design

& I& Bearing Stiffener Plates

WL/
‘/ Bearing stiffeners usually consist of one plate

connected to each side of the web. This is generally a
good starting assumption for the bearing stiffener
design. Then, if this configuration does not provide
sufficient resistance, two plates can be used on each
side of the web.

The projecting width, by, of each bearing stiffener element must
satisfy the following equation. This provision is intended to preven
local buckling of the bearing stiffener plates.

bt < 0.48t5- /Fi
ys

11 . )
th = —-In see Figuke 5-3
P 16 ( &
E = 29000-ksi
Fys = 50k5|

-\l Fys

OK

-flange weld. Thus the area of direct bearing is
less than the gross area of the stiffener. The bearing
area, App, is taken as the area of the projecting elements
of the stiffener outside of the web-to-flange fillet welds but
not beyond the edge of the flange. This is illustrated in
the following figure:

5-12
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N AASHTO Spec.

Bearing
Stiffener
(Typ.) ——

1" x 1" Clip for
Fillet Weld (Typ.)

L

Bearing Width = 4 1/2"

1

Total Width =5 1/2"

\ 4

Figure 5-4 Bearing

bbrg = bt—l.O'in
Apn = bergtp

Fys = 50ksi

analysis run:

ReactionFactored = (1.25-68.7-K) + (1.50-11.0-K) ...
+ (1.75-110.5-K)

ReactionFactored = 295.8K

Therefore, the bearing stiffener at the abutment satisfies the bearing
resistance requirements.
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The final bearing stiffener check relates to the axial resistance of the
bearing stiffeners. The factored axial resistance is determined as
specified in S6.9.2.1. The radius of gyration is computed about the
midthickness of the web, and the effective length is taken as 0.75D,
where D is the web depth.

For stiffeners consisting of two plates welded to the web, the effective
column section consists of the two stiffener elements, plus a central
located strip of web extending not more than 9t,, on each side of the
stiffeners. This is illustrated in the following figure:

«—— Bearing Stiffener

(Typ.)
Midthickness .
of Web q

N |

[_

ot, =4 1/2"

2 2

t, = 11/16"
(Typ.)

Figure 5-5 afing Stiffefier Effective Section

kl = (0.75)-(54in)

_ [ 0.6875in-(11.5in)° | +| 8.3125in-(0.5in) |

|
S 12

ls = 87.22in*
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Design Step 5 - Miscellaneous Steel Design

m AASHTO Spec.
As = (0.6875in-11.5in) + (8.3125in-0.5in) $6.10.8.2.4b
.
As = 12.06in
ls
s = |—
S AS
rs = 2.69in
2
F
A = K Ry
rs'TE) E
) = 0.0396
Therefore, A <2.25
Therefore, Py, = O.GGXFy.As‘ $6.9.4.1
P = 593.3K \
Pr = 6¢-Pn $6.9.2.1
P, = 533.9

requireme erefore, u

Figures 5-3 &

5-15
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Design Step 5.3 - Design Welded Connections

Welded connections are required at several locations on the steel
superstructure. Base metal, weld metal, and welding design details
must conform to the requirements of the ANSI/AASHTO/AWS
Bridge Welding Code D1.5.

For this design example, two fillet welded connection designs will be
presented using E70 weld metal:

1. Welded connection between the bearing stiffeners and the web.
2. Welded connection between the web and the flanges.

For the welded connection between the bearing stiffeners a
web, the fillet weld must resist the factored reaction comp
Design Step 5.2.

ReactionFactored = 2958K

Assume a fillet weld thickness of 1/4 inc’s.

Thicknesswelg = 0.25in

The resis
area and {ie gstance of the weld metal. The factored
resistance eld metal is computed as follows:

Fe7o0 = 70-ksi

Ry = 0.6-¢g2-Fe70
Ry = 33.60ksi
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The effective area equals the effective weld length multiplied by the
effective throat. The effective throat is the shortest distance from the
joint root to the weld face.

Lengthgs = 4-(54in — 2in) Lengthgs = 208.0in
Thickness

Throatgff = \/5 Weld Throatgg = 0.1771in

Areagff = Lengthgs- Throatgss Areagff = I:"»6.77in2

The resistance of the fillet weld is then computed as follows:
Resistance = R;-Areagff

Resistance = 1235K OK

For material 0.25 inches or more in thickness, the maXiaum

the fillet weld is 0.0625 inches less than?e thigkpess e material,
unless the weld is designated on the contra t be built
out to obtain full throat thickness.

the web, the
b thickness is
e requirement is

For the fillet weld connecting t
bearing stiffener thickness is 11
1/2 inches. Therefore, the maxim
satisfied.

The minimum size of fillet Welds is a§presented in Table 5-2. In
addition, the weld siz t exc the thickness of the thinner
part joined.

Size of Fillet Welds

Minimum Size of
Fillet Weld
(Inches) (Inches)
T<3/4 1/4
T> 3/4 5/16

Table 5-2 Minimum Size of Fillet Welds

In this case, the thicker part joined is the bearing stiffener plate,
which is 11/16 inches thick. Therefore, based on Table 5-2, the
minimum size of fillet weld is 1/4 inch, and this requirement is
satisfied.
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The minimum effective length of a fillet weld is four times its size and
in no case less than 1.5 inches. Therefore, this requirement is also
satisfied.

Since all weld design requirements are satisfied, use a 1/4 inch fillet
weld for the connection of the bearing stiffeners to the web.

For the welded connection between the web and the flanges, the fill
weld must resist a factored horizontal shear per unit length based on
the following equation:

_ Ve
|

Vv

This value is greatest at the pier, where the factored shea @
highest value.

The following computations are for the welded connec betW
the web and the top flange. The Welde&nn bet\een the web
and the bottom flange is designed in a simi an

The shear is computed based gn the j ion properties
and load factors for each loadi in ign Steps 3.3
and 3.6:

For the noncomposite ored horizontal shear is
computed as follows:

Noncomp = 10249|n3
.4
o = 65426.6-in

VNoncomp-QNoncom K
2 D VNoncomp = 2.25—
INoncomp n

VNoncomp =

5-18
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For the composite section, the factored horizontal shear is
computed as follows:

Vcomp = (1.25-16.4-K) + (1.50-19.8-K) + (1.75-131.4-K)
Vcomp = 280.1K

Qcomp = (14-in-2.5.in)-(58.00-in — 32.668-in)
Qcomp = 886.6in°

Icomp = 79333.4-in"

VComp'QComp

VComp = VCom

IComp

Based on the above computations, the total facto
shear is computed as follows: ‘

VTotal = VNoncomp *+ VComp

K
VTotal = 9.38 —
n

Assume a fillet weld thicknes

Ry = 33.60Kksi

ea equals the effective weld length multiplied by the
effective thr The effective throat is the shortest distance from the
joint root to thglweld face. In this case, the effective area is computed

per unit length,Yobased on the use of one weld on each side of the web.

Thicknessweld

Throatgff = \/_ Throatgf = 0.221in
2

in2

Areagf = 2-Throatgs Areagsf = 0.442 —

in
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AASHTO Spec.
The resistance of the fillet weld is then computed as follows: S6.13.3.2.4b
Resistance = R;-Areagff
. K
Resistance = 14.85— OK
in
For material 0.25 inches or more in thickness, the maximum size of S6.13.3.4

the fillet weld is 0.0625 inches less than the thickness of the materi
unless the weld is designated on the contract documents to be built
out to obtain full throat thickness.

For the fillet weld connecting the web to the flanges, the web

thickness is 0.5 inches, the minimum flange thickness is 0.625
inches, and the maximum flange thickness is 2.75 inches.
the maximum fillet weld size requirement is satisfied.
The minimum size of fillet welds is as presented in T S6.13.3.4
addition, the weld size need not exceed the thickness

part joined. ‘

In this case, the thicker part joined is the fl minimum

thickness of 0.625 inches and a maximum th ss of Z.#5 inches.

Therefore, based on Table 5- [ [ fillet weld is 5/16

inch, and this requirement is s i

The minimum effective length i r times its size and S6.13.3.5
in no case less than 1.5 in . this requirement is also

satisfied.

Since all weld desi satisfied, use a 5/16 inch fillet

weld for the connec nd the top flange. The welded

connecty eb and the bottom flange is designed in a

similar

Load-indu t be considered in the base metal at a welded | S6.6.1.2.5

connection.W8&tigue considerations for plate girders may include:

1. Welds conR@kting the shear studs to the girder.

2. Welds connecting the flanges and the web.

3. Welds connecting the transverse intermediate stiffeners to the girder.

The specific fatigue considerations depend on the unique characteristics
of the girder design. Specific fatigue details and detail categories are
explained and illustrated in STable 6.6.1.2.3-1 and in SFigure
6.6.1.2.3-1.
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In Design Step 3.14 for the positive moment region, the fatigue check is
illustrated for the fillet-welded connection of the transverse intermediate
stiffeners to the girder. This procedure must be considered for the
base metal at welded connections.

Additional weld connection requirements are presented in S6.13.3 and
in ANSI/AASHTO/AWS Bridge Welding Code D1.5.

Design Step 5.4 - Design Cross-frames

Diaphragms and cross-frames may be placed at the following locatie
along the bridge:

e Atthe end of the structure
e Across interior supports
¢ Intermittently along the span

_ ®
& IA Diaphragm or Cross

N
‘/ A common rule
I’ of the AASHTO

me

do vious editions
to a maximum

maximum sp eplaced by a
i analysis that will often result
e-prone attachment details.

All stages of assumed construction procedures
e The final condition

5-21
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| AASHTO Spec.

I& Difference Between Diaphragms
\!/r and Cross-frames

\/

The difference between diaphragms and cross-frames
is that diaphragms consist of a transverse flexural
component, while cross-frames consist of a transverse
truss framework.

Both diaphragms and cross-frames connect adjacent
longitudinal flexural components.

When investigating the need for diaphragms or cross-frames and
designing them, the following must be considered:

e Transfer of lateral wind loads from the bottom of the g
deck and from the deck to the bearings
e Stability of the bottom flange for all loads when it i
Stability of the top flange in compresgion pri
e Distribution of vertical dead and live [8ad structure
Diaphragms or cross-frames can be specifie ither:

e Temporary - if they are req corstruction
e Permanent - if they are require i ction and in the
bridge's final condition

g to the provisions of S4.6.2.7
requirements in S6.8.4 or S6.9.3

In additior
S6.6.1.3.1.

gtes must satisfy the requirements of
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IA Cross-frame Types
W/
*/ K-type cross-frames are as shown in Figure 5-6, while
s X-type cross-frames have an X-shape configuration of
angles or structural tees rather than a K-shape
configuration of angles or structural tees.

A common rule of thumb is to use K-type cross-frame
when the aspect ratio (that is, the ratio of the girder
spacing to the girder depth) is greater than about 1.5
to 1 and to use X-type cross-frames when the aspect
ratio is less than 1.5 to 1.

For this design example, cross-frames will be used.

F 3-2)

Girder spacing: S = 9.75-ft (

igure 3°15)
m value)

Girder depth: D = 4.9373ft (se

Aspect ratio:

addition [ f the centroidal axis of each diagonal and the
centroi t coincides with the vertical centerlines of
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B AASHTO Spec.

9-9"
4-101/2" | 4-101/2"

R
Steel Angle or Tee (Typ.)

Figure 5-6 K-Type Cross-frame

Based on previous computations in Design Step 3.178®r t egati

moment region, the unfactored wind load is compute fo
o pod &
W = — C4.6.2.7.1

n =10 S1.3
y = 1.40 or Stre [l Limit State) STable 3.4.1-1
Pp = 0.0052 esign Step 3.17)

d = 4.93 aximum value)

v -PRY
17D W:0.0l83%

The horiz pplied to the brace point may then be

computed ecified in C4.6.2.7.1, as follows:
Pw = Lp C4.6.2.7.1
W = 0.0183E
Lp = 20-ft
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E AASHTO Spec

For the design of the cross-frame members, the following checks should
be made using the previously computed wind load:

Slenderness

Axial compression

Flexure about the major axis
Flexure about the minor axis
Flexure and axial compression

‘N
\
™
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B AASHTO Spec.
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Design Step 6.1 - Obtain Design Criteria

For this bearing design example, an abutment bearing was chosen. It
was decided that the abutment would have expansion bearings.
Therefore, the bearing design will be for an expansion bearing.

Refer to Design Step 1 for introductory information about this design
example. Additional information is presented about the design

assumptions, methodology, and criteria for the entire bridge, includi
the bearing design.

The following units are defined for use in this design example:

K = 10001b ksi = ﬁz
in
For bearing design, the required design criteria includes:

1. Longitudinal and transverse movement
2. Longitudinal, transverse, and vertical rotation
3. Longitudinal, transverse, and verticaN@ads

Most of the above information is typically obt d from
superstructure design softwaregoutpu ich is case for this bearing
design (first trial of girder desi

DLSGFV = 78.4K

LLgery = 110.4K live load (including

ance)

state total rotation about the
axis (see Figure 6-1)

esx = 0.0121r

gth limit state minimum vertical force
to permanent loads (used in Design
tep 6.12)

2 - Select Optimum Bearing Type

Psd

Design Ste

Selecting the gptimum bearing type depends on the load, movement S14.6.2
capabilities, and economics. Refer to STable 14.6.2-1 and SFigure
14.6.2-1 for guidance on selecting the most practical bearing type.
For the abutment bearing design, a steel-reinforced elastomeric
bearing was selected. If the loads were considerably larger, pot
bearings, which are more expensive than elasomeric bearings, would
be an option.
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Design Step 6.3 - Select Preliminary Bearing Properties

Once the most practical bearing type has been selected, the preliminary
bearing properties must be defined. The bearing properties are
obtained from the Specifications, as well as from past experience. The
following preliminary bearing properties were selected:

Bearing Pad Configuration

Pad length (bridge longitudinal direction): Lpaq = 14in
Pad width (bridge transverse direction):  Wpaq = 15in
Elastomer cover thickness: Nrcover = 0.25in
Elastomer internal layer thickness: Nrinternal =
Number of steel reinforcement layers: Nstlayers =

Steel reinforcement thickness:

Material Properties

Elastomer hardness:

Elastomer shear modulus: = 0.095ksi
Elastomer creep d tion Cgqg = 0.25
divided by the insta ous de ion:

Steel rei ield ngth: Fy = 50Kksi

Design Stef#8.4 - Select Design Method (A or B)

For this desigr¥€xample, Method A will be used. Method A usually
results in a bearing with a lower capacity than a bearing designed
with Method B. However, Method B requires additional testing and
guality control. Method A is described in S14.7.6, while Method B is
described in S14.7.5.

6-3
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Design Step 6.5 - Compute Shape Factor

The shape factor for individual elastomer layers is the plan area divided
by the area of perimeter free to bulge.

For steel-reinforced elastomeric bearings, the following requirements
must be met prior to calculating the shape factor:

1. All internal layers of elastomer must be the same thickness.

2. The thickness of the cover layers cannot exceed 70 percent of the
thickness of the internal layers.

From Design Step 6.3, all internal elastomer layers are the same

thickness, which satisfies Requirement 1. The following c
verifies that Requirement 2 is satisfied:

0.70-hyinternal = 0.261in
hrcover = 0.25in OK *
For rectangular bearings without holes, thewm the ith
layer is: Q
O
pad

Y hr, (L+W)

The shape factor f s is then:

+ Wpad)

The shapeg@@ctor for the internal layers is then
I—pad Wpad
Sint =
2-hrinternal’ (Lpad + Wpad)
Sint = 9.66
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Design Step 6.6 - Check Compressive Stress

The compressive stress check limits the compressive stress in the
elastomer at the service limit state as follows:

6s < 1.0ksi and  65<1.0GS

The compressive stress is taken as the total reaction at one of
the abutment bearings for the service limit state divided by the
elastomeric pad plan area. The service limit state dead and
live load reactions are obtained from the Opis superstructure
output. The shape factor used in the above equation should be
for the thickest elastomer layer.

Service | limit state dead load: DLsery = 784K

Service | limit state live load
(including dynamic load allowance): ‘Lser

oo = DLserv + LLserv
s =
(Lpad-Wpad)

6s = 0.899kKsi

1.0-G-Sint = 0.917ksi

Design Step 6.7 - Check Compressive Deflection

The compressive deflection due to the total load at the service limit
state is obtained from the following equation:

o = ZSi'hril
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For this design example, the instantaneous compressive strain
was approximated from CTable 14.7.5.3.3-1 for 50 durometer
reinforced bearings using a compressive stress of 0.899 ksi and a
shape factor of 9.66.

gint = 0.04

The instantaneous deflection is then:

Sinst = 2-€intNrcover + 8-&int-Nrinternal

The effects of creep should also be considered. For this design
example, material-specific data is not available. Therefore, ¢ lat
the creep deflection value as follows:

8creep = Cd-dinst
Screep = 0.035in ‘
The total deflection is then:

dtotal = OSinst + Ocreep

The initial compressiy layer of a steel-reinforced

state without dynamic load

In order
checked
including
greater tha
allowance wa

s, the above requirement will be

) ation calculated for the service limit state
load aflowance. If the compressive deflection is
07hyj, then the deflection without dynamic load

d need to be calculated.

dintllayer = €int-Nrinternal
Sint1layer = 0.015in

0.07hrinterna| = 0.026in OK
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Design Step 6.8 - Check Shear Deformation

The shear deformation is checked to ensure that the bearing is capable
of allowing the anticipated horizontal bridge movement. Also, the shear
deformation is limited in order to avoid rollover at the edges and
delamination due to fatigue caused by cyclic expansion and contraction
deformations. The horizontal movement for this bridge design example
is based on thermal effects only. The thermal movement is taken fr
Design Step 7.6 for the controlling movement, which is contraction.
Other criteria that could add to the shear deformation include
construction tolerances, braking force, and longitudinal wind if
applicable. One factor that can reduce the amount of shear
deformation is the substructure deflection. Since the abutment hei
relatively short and the shear deformation is relatively small
abutment deflection will not be taken into account.

The bearing must satisfy:

hrt > ZAS ‘

hrt = 2-hrcover + 8-Nrinternal
hrt = 350|n

Acontr = 0.636in p 7.6 for thermal contraction

YTU = 1.20 for

As = yYTU Acontr
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Design Step 6.9 - Check Rotation or Combined Compression
and Rotation

Since Design Method A was chosen, combined compression and
rotation does not need to be checked. The rotation check ensures
that no point in the bearing undergoes net uplift and is as follows:

|
L \2 Osx . . .
cg 2 05G-S:| — -— (associated with rotation about
hi) n transverse axis)

and
29 '
g 2 O.SG-S-(ﬂ\ = (associated with rotation
hi) n longitudinal axis)
og = 0.899Kksi L 3

The service rotation due to the total load abo e transverse axis

was taken from Opis:

Osx = 0.0121 rad

onstru@lion Tolerance

over ately 100 feet, it is good
practice to include an additional 0.005

The numbe nterior layers is:

n=28+0%% 0.5

2
I—pad \ . esx
hrinternal) (8+1)

The service rotation due to the total load about the longitudinal
axis is negligible compared to the service rotation about the
transverse axis. Therefore, the check about the longitudinal axis
will be assumed to be negligible and is not computed in this
bearing design example.

= 0.859ksi OK

0.5-G-sim-(
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Design Step 6.10 - Check Stability

The total thickness of the pad shall not exceed the least of L/3 or W/3.

L W
Pad _ 4 67in Pad _ 5 00in
3 3

The total thickness of the pad based on the preliminary
dimensions is:

htotal = 2-hrcover + 8-Nrinternal + Nstlayers- Nreinf

htota| = 45764in OK

Design Step 6.11 - Check Reinforcement

The thickness of the steel reinforcemenl‘us le tQ@8ustain the
e e

t
tensile stresses induced by compression in b
uirem of the
jcat

reinforcement thickness must also satisfy th
AASHTO LRFD Bridge Constryction [

For the service limit state:

3hmaxcs
hg > —
Fy

hmax = Drinterna hmax = in

y = 50 kS|

0.0202in

hreinf = 0.1196in OK
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For the fatigue limit state:

2Nmax-G |

AFTH

>
n
|

From Design Step 6.6, the service average compressive stress
due to live load only is:

5| = 0.526ksi
AFTH = 24.0ksi

2-hmax-oL

AFTH

= 0.0164in

hreinf = 0.1196in OK ‘

Design Step 6.12 - Design for Anchorage

The bearing pad must be sec sverg® horizontal
movement if the factored shear f the deformed pad
at the strength limit state exce minimum vertical
force due to permanent loa

Psqg = 67.8K Opis@utput

The gaaxi shear force sustained by the deformed pad
at theRstreggiR, limi is obtained from Design Step 7.6, adding

wind is taken at O degrees.

WS = 30.69K

The shear force due to wind on live load is taken from Table 7-2:

WL = 6.00K

The controlling shear force is either from Strength Il or Strength V:

6-10
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o AASHTO Spec.

Factored shear force per bearing for Strength Ill:

Tws = 1.40 STable 3.4.1-1

ywL = 0.00 STable 3.4.1-1

(YWS'WS + YWL'WL)
5

Vwindstrlll =

Vwindstrlll = 8.59K

Factored shear force per bearing for Strength V:

Yws = 0.40 ble 3.4.1-1

ywL = 1.00 STable 3.4.1-1
(YWS'WS + YWL'WL)

Vwindstrv = 5 ‘

Vwindstry = 3.66K

Use: Vmax = max( 1, Vw vV

r force at the strength limit state does not
imum vertical force due to permanent dead
to be secured against horizontal
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Design Step 6.13 - Design Anchorage for Fixed Bearings

The abutment bearings are expansion in the longitudinal direction but
fixed in the transverse direction. Therefore, the bearings must be
restrained in the transverse direction. Based on Design Step 6.12,
the expansion bearing pad does not need to be secured against
horizontal movement. However, based on S3.10.9.2, the horizontal
connection force in the restrained direction cannot be less than 0.1
times the vertical reaction due to the tributary permanent load and t
tributary live loads assumed to exist during an earthquake. In additio
since all abutment bearings are restrained in the transverse directio
the tributary permanent load can be taken as the reaction at the
bearing. Also, ygq is assumed to be zero. Therefore, no tributary |
loads will be considered. This transverse load will be used t ig
the bearing anchor bolts for this design example.

For the controlling girder (interior):

DLserV = 784K ‘
The maximum transverse horizontal earthq* aring is
then:

nchor bolts per bearing is then:

HEQ = 0.1'DLserV

Heg = 7.84K

The factored shear. stanc

"

b-Fub-NS' for threads excluded from shear plane

r A 307 bolts with a minimum tensile

resistance factor for A 307 bolts in shear

7-(0.625in)?
b = f

Ap = 0.31in’
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Fup = 60ksi
Ns = 2  (number of bolts)

Rp = 0.48-Ap-Fyp-Nsg Rp = 17.67K
Rr = ¢sRn Ry = 11.49K

Once the anchor bolt quantity and size are determined, the anchor
bolt length must be computed. As an approximation, the beari
stress may be assumed to vary linearly from zero at the e
embedded length to its maximum value at the top surfac
concrete. The bearing resistance of the concrete is has
S5.7.5.

0p-Pn = 0p-0.85-fc-Ag-m" L 3
[ |
¢b'Pn
Stressprg =
A1
Stressprg = <|>b-0.85-fc-ml

Assume: m = Q.7 (consemative assumption)

ete

Heq = 7.84K

The transverse load per anchor bolt is then:

HEQ
= = —=
1bolt >
P1polt = 3.92K

6-13
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N AASHTO Spec.

Using the bearing stress approximation from above, the required
anchor bolt area resisting the transverse horizontal load can be

calculated.
- P1bolt
(Stressbrg +0)
2 )
Aq = 4.39in°

A1 is the product of the anchor bolt diameter and the length the
anchor bolt is embedded into the concrete pedestal/beam seat.
Since we know the anchor bolt diameter, we can now solve f
required embedment length.

L Al
embed = 5 6o5in
Lembed = 7.03in ‘

Individual states and agencies have their ow
embedment lengths. For this ign
will be used.

inimum afchor bolt
inimum of 12 inches

Use: Lembed = 120|n

6-14
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E AASHTO Spec.

Design Step 6.14 - Draw Schematic of Final Bearing Design

GIE Girder (longitudinal axis)

15.00 in. |
ﬁ i >
—% : b
:
I
i
i
i
|
90.0°
=
.94
o
<
—
_ v
. - top & bottom layer)
layers @ 0.1196 in. thickness each
A
£
<
(]
N~
o
<
v
1/8 in. (Typ.
15.00 in. 8 n. (Typ.) >«
) L

Figure 6-2 Bearing Pad Elevation View
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E AASHTO Spec

A 307 Bolt
(Typ.)

[ 5/8" Diameter

H [
—1 —1
.;
5
<
Figure 6-3 A mbedment
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AASHTO Spec.

Design Step 7.1 - Obtain Design Criteria

This abutment and wingwall design example is based on AASHTO
LRFD Bridge Design Specifications (through 2002 interims). The

design methods presented throughout the example are meant to be the
most widely used in general bridge engineering practice. The example
covers the abutment backwall, stem, and footing design, using pile
loads from Design Step P, Pile Foundation Design Example. The

wingwall design focuses on the wingwall stem only. All applicable |
that apply to the abutment and wingwall are either taken from design
software or calculated herein.

The wingwall design utilizes the same flowchart as the abutment.
Design Step 7.1 is shared by both the abutment and wingwallasé

the wingwall follow at the end of the abutment desig
example, there are two Design Steps 7.2 - one for th
one for the wingwall (after Design Step ‘2 of the ab

Refer to Design Step 1 for introductory infog@gtion
example. Additional information is presente
assumptions, methodology, ang criteg

the abutments and wingwalls.

In order to begin the design,
well as information about t
is required.

Ingwall properties as
e that the abutment supports

The following units [ in this design example:
ksf = ﬁz kIf = K
fit ft

It should b
dimensions
girder design.

d that the superstructure loads and plate girder
d in this design step are based on the first trial of the

7-2
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Material properties:

Concrete density: W¢ = 0.150kcf

Concrete 28-day f'c = 4.0ksi
compressive strength:

Reinforcement fy = 60ksi
strength:

Reinforcing steel cover requirements:

Backwall back cover: Coverp = 2.5in
Stem back cover: Coverg = 2.5in
Footing top cover: Coverg = 2.&

Footing bottom cover: Coversp = 3.0in

be lapped with the vertical

vertical flexure reinforcem
i I. Also, it is assumed that the

back face reinforcem
stem may be expo
expansion joint.

l& Bince the footing bottom is cast directly

against the , the footing bottom cover is set at 3.0 inches.

ting top cover is set at 2.0 inches.

7-3
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Relevant superstructure data:

Girder spacing: S = 9.75ft
Number of girders: N=5

Span length: Lspan = 120ft
Parapet height: Hpar = 3.5ft
Parapet weight (each): Wpar = 0'53%
Out-to-out deck width: Wdeck = 46.875ft

Superstructure data - The above superstructure informa
taken from Design Steps 1 and 2.

Abutment and wingwall height ‘

Abutment stem height: hstem = 22f

Wingwall stem design height, use height at 3/4

oint

Abutment and wingw

Abutment length: abut = 46.875ft

Wingw Lwing = 20.5ft

AASHTO Spec.

S$2.3.3.2

S11.6.1.4
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Design Step 7.2 - Select Optimum Abutment Type

Selecting the optimal abutment type depends on the site conditions,
cost considerations, superstructure geometry, and aesthetics. The
most common abutment types include cantilever, gravity, counterfort,
mechanically-stabilized earth, stub, semi-stub or shelf, open or spill
through, and integral or semi-integral. For this design example, a
full-depth reinforced concrete cantilever abutment was chosen becayse
it is the most economical for the site conditions. For a concrete
cantilever abutment, the overturning forces are balanced by the vertic
earth load on the abutment heel. Concrete cantilever abutments ar,
the typical abutment type used for most bridge designs and is
considered optimal for this abutment design example.

Figure 7-1 -Depth Reinforced Concrete Cantilever Abutment

Design Step - Select Preliminary Abutment Dimensions

Since AASHTO does not have standards for the abutment backwall,
stem, or footing maximum or minimum dimensions, the designer should
base the preliminary abutment dimensions on state specific standards,
previous designs, and past experience. The abutment stem, however,
must be wide enough to allow for the minimum displacement
requirements. The minimum support length is calculated in Design
Step 7.6.

7-5
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The following figure shows the preliminary dimensions for this abutment
design example.

Y A 3
_ Y
Y
4u ;- T =OI
L f— R~
8%

— 1

3| 6" _ol

B 0

> ~

Figure 7-2 Prelimi imensions

For seal® e ion joi lope the top surface of the abutment
(excludin inimum of 5% towards the edge.

Design Step¥@4 - Compute Dead Load Effects

Once the preliminary abutment dimensions are selected, the
corresponding dead loads can be computed. Along with the abutment
dead loads, the superstructure dead loads must be computed. The
superstructure dead loads acting on the abutment will be given based on
the superstructure output from the software used to design the
superstructure. The dead loads are calculated on a per foot basis.
Also, the dead loads are calculated assuming the beam seat is level.

t and Wingwall Design
AASHTO Spec.

S2.5.2.1.2

S3.5.1

7-6
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B AASHTO Spec.

The superstructure dead load reactions per bearing were obtained from
trial one of the steel grider design and are as follows.

Fascia girder:
RDcCfascia = 69.25K Rpwifascia = 11.24K

Interior girder:

Rpcinterior = 73.51K Rpwinterior = 11.24K

As previously stated, the superstructure dead load reactions must
converted into a load applied to a one-foot strip of abutment. This
accomplished by adding the two fascia girder dead load reacii W
the three interior girder dead load reactions and then dividi

abutment length.

(2-Rpcfascia) + (3-Rpcinterior)

Labut ‘
erio

RDctot =

K
Rpctot = 7-Gﬁﬁ

)

2' i
RDWiot ( RDWfasc:la)
a

R
but

Rpwtot = 1.20

ft.1.381) + (2.0ft-0.67ft) ... Wo
2Mt +1.67ft) -0.33ft} + (4.67ft-1.671t)

SN

K
DLy = 1.71—
bw ft

Stem dead load:

DLstem = 15ft35ftWC

DLstem = 788%

7-7
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Footing dead load:
DLftg = 10.25ft-2.5ft-W¢

K

DLftg = 3.84—

ftg ft

Earth dead load:

ys = 0.120kcf use average of loose and compacted gravel

DLearth = 22ft-4ft-yg

DLearth = 1056%

Design Step 7.5 - Compute Live Load Effects

The live load effects were also obtaine m ne e girder
design. The reactions for one girder are gi as d, without
impact, and without distribution factors. The nrea are

converted into one loaded lane and th nv into a per foot load.

Dynamic load allowance, |

) axles along the abutment and calculating
foot basis including impact and the multiple

r. This load is applied to the entire length of
abutment badfWall and is assumed to act at the front top corner
(bridge side) o@he backwall. This load is not applied, however,
when designing the abutment stem or footing.

presence fag

[6:(16-K)-(1 + IM) + 3-(0.64-KkIf)-(2.0-ft) ]
Labut

RLLbw =

RiLbw = 2.81f—f

7-8
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The following loads are obtained from girder design software
output for one lane loaded and they are applied at the beam seat or
top of abutment stem for the stem design.

Vvehmax = 64.90K Based on first trial of girder design
Vianemax = 33.25K Based on first trial of girder design
Vvehmin = —7.28K Based on first trial of girder desig

Vianemin = —5.15K Based on first trial of girder design

The controlling maximum and minimum live loads are for three
lanes loaded. The loads are multiplied by dynamic load allowan
and the multiple presence factor.

Maximum unfactored live load used for abutment ste :

LLmax = Vvehmax:(1+ M) +Vlanen‘

MNLmax = 119.57K for one lane
3-m3-r L max
Rilmax = ———

Labut

K
RLLmaX = 650—

ft
Minimum unfactor@®iv d repg@senting uplift used for abutment
stem design:

ehmin- M) + Vianemin

ne lane

K
RLLmin = —0.81 E

7-9
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The following loads are applied at the beam seat or top of
abutment stem for the footing design. The loads do not include

dynamic load allowance, but do include the multiple presence
factor.

Maximum unfactored live load used for abutment footing design:

lLLmax1 = Vvehmax + Vlanemax

MNLmax1 = 98.15K for one lane loaded

3-m3-rLmax1

RLLmax1 =

Labut

K
RLLmax1 = 9.34—

ft
Minimum unfactored vehicle load used for abutme otin ign:
"LLmin1 = VYvehmin + Vianemin
MNLmin1 = -12.43K  for la

3-m3-rLLmin1

RLLmint = —————

Labut

RLLmin1 = -0.68

Other Load Effects

Other load F d to be computed include braking force, wind
arth pressure, live load surcharge, and

Since the abutment has expansion bearings, the braking force does not
apply at the abutment. The entire braking force is resisted by the fixed

bearings located at the pier. Braking force calculations are provided in
Design Step 8.

7-10
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Wind Load on Superstructure

When calculating the superstructure wind load, the total depth from
the top of the barrier to the bottom of the girder is required.
Included in this depth is any haunch and/or depth due to the bridge
deck cross slope. Once the total depth is known, the wind area
can be calculated and the wind pressure can be applied.

The total depth is:
hpar = 42|n
tdeck = 9in overhang deck thickness
tcslope = 0in - assume no cross slope for design

tiopfig = Oin top flange embedded in haunch;
ignore top flange thickness

dweb = 66in based on first trial of girder desig

tootflg = 2.25in  use maximum bottom based on

first trial of girder design
thaunch = 3.9in

hpar + tdeck + teslope + + dwe otflg + thaunch

Diot =

Diot = 10.23ft

7-11
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The wind load on the abutment from the superstructure will be
from one-half of one span length or:

Lwing = 60ft

The wind area is:
Awsuper = Dtot-Lwind
Awsuper = 613.75ft°

Since the abutment is less than 30 feet in height, the design wind
velocity, Vpz, does not have to be adjusted and is equal to the bas
wind velocity.

Vg = 100 mph

Vpz = VB

From this, the design wind pressure is e‘al t
pressure:

V
Pp = Pg DZ\

VB)
Pp=P

Also, the total wind lo girdersiinust be greater than or equal
to 0.30 KIf:

> which is greater than 0.30 kIf

The wind lo om the superstructure acting on the abutment

ttack angle of the wind. Two wind load calculations
are provided fof two different wind attack angles. All wind loads are
tabulated in Table 7-1 for the various attack angles. The attack angle
is measured from a line perpendicular to the girder longitudinal axis.
The wind pressure can be applied to either superstructure face. The
base wind pressures for the superstructure for various attack angles
are given in STable 3.8.1.2.2-1. Since the abutment has expansion
bearings, the longitudinal component of the wind load on
superstructure will not be resisted by the abutment and is not
required to be calculated. The fixed pier will resist the longitudinal
wind component.

7-12
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,~ Footprint

Wind
Attack
Angle
90.0°
Abutment

Girder Line

g (Typ)

y

<1 [90.0° _—

. 2

Figure 7-3 A

Design Step 7 - Abutment and Wingwall Design
AASHTO Spec.

Elevation View

lication of Superstructure Wind Load on Abutment
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For a wind attack angle of O degrees, the superstructure wind loads
acting on the abutment are:

WSsupertransd0 = Awsuper:0.050ksf
WSsupertranso = 30.69K
Wssuperlongo = Awsuper‘0.000ka

not applicable due to expansion

VVSsuperlongO = 0.00K
bearings at abutment

For a wind attack angle of 60 degrees, the superstructure wind loa
acting on the abutment are:

WSsupertrans60 = Awsuper-0.017ksf

WSsupertranSGO = 10.43K

WSsuperlong60 = Awsuper-0.019ksf

WSSuper|ong60 = 1 1 66 K not appllQle
bearings at

ex
tme

Wind Attack
Angle Tr: Longitudinal Axis
Degrees Kips
0 0.00
15 3.68
7.37
9.82
11.66

Table 7-1 Abutment Design Wind Loads from Superstructure
for Various Wind Attack Angles

Wind Load on Abutment (Substructure)

The wind loads acting on the exposed portion of the abutment front and
end elevations are calculated from a base wind pressure of 0.040 ksf.
These loads act simultaneously with the superstructure wind loads.

Design Step 7 - Abutment and Wingwall Design
AASHTO Spec.

STable 3.8.1.2.2-1

e 3.8.1.2.2-1

S3.8.1.2.3

7-14



FHWA LRFD Steel Bridge Design Example Design Step 7 - Abutment and Wingwall Design

B AASHTO Spec.

Since all wind loads acting on the abutment front face decrease the
maximum longitudinal moment, all abutment front face wind loads will
be conservatively ignored.

The abutment exposed end elevation wind area is:

Awsubend = (3-5ft)'(22ﬁ)

Awsubend = 77.00f2

Two wind load calculations for the abutment end elevation are sho
below for a wind attack angle of zero and sixty degrees. All other
attack angles do not control and are not shown.

For a wind attack angle of 0 degrees, the wind loads acti ’
abutment end elevation are:

WSsubtransend0 = Awsubend-(0.040-ksf-cos(0-de
WSsubtransendo = 3.08K ‘

WSsublongendo = Awsubend- (0.040ksf-sI eg))

7-15



FHWA LRFD Steel Bridge Design Example Design Step 7 - Abutment and Wingwall Design

For a wind attack angle of 60 degrees, the wind loads acting on the
abutment end elevation are:

WSsubtransend60 = Awsubend-(0.040-ksf-cos(60-deg))
WSsubtransend6o = 1.54K
WSsublongend60 = Awsubend-(0.040ksf-sin(60deg))
WSsublongend6o = 2.67K

Wind Load on Vehicles

The wind load applied to vehicles is given as 0.10 klf acting norma
and 6.0 feet above the roadway For wind Ioads that are not norma

structure over which it acts. An example calculation
Table 7-2 shows all the vehicle wind loads for the vari
angles. As with the superstructure win d,
on vehicles is not resisted by the abutment
The calculation for longitudinal vehicular wi
is provided in this design example.

For a wind attack angle of 0 de he icularind loads are:
Lwing = 60ft

WLitrans0 = Lwind-(0.1
WLtranso = 6.00
WLiopgo = Lwin

)

000KkIf)

WL, K t applicable due to expansion
earings at abutment
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AASHTO Spec.
Design Vehicular Wind Loads
Wind Attack Bridge Bridge *
Angle Transverse Axis [ Longitudinal Axis
Degrees Kips Kips
0 6.00 0.00
15 5.28 0.72
30 4.92 1.44
45 3.96 1.92
60 2.04 2.28

* Provided but not applicable due to expansion bearings at
abutment.

Table 7-2 Design Vehicular Wind Loads for Varipu
Wind Attack Angles

Vertical Wind Load L 3 $3.8.2
The vertical wind load is calculated by multi ao. f vertical
wind pressure by the out-to-out bridge It is applied to the
windward quarter-point of the s that do not
include wind on live load. Also, must be zero
degrees for the vertical wind load t
Wyert = 0.020ksf-Wge Wye — acts vertically upward
Earthquake Load S3.10

umes that the structure is located in
eleration coefficient of 0.02 and a Soil S4.7.4.1

connection force between the S3.10.9

d substructure and the minimum bridge seat S$4.7.4.4
requiremen

nnection force in the restrained direction is 0.1 §3.10.9.2
times the vertical reaction due to the tributary permanent load and
the tributary live loads assumed to exist during an earthquake. In
addition, since all abutment bearings are restrained in the
transverse direction, the tributary permanent load can be taken as SC3.10.9.2
the reaction at the bearing. Also, ygq is assumed to be zero. S3.4.1

Therefore, no tributary live loads will be considered. This
transverse load is calculate and used to design the bearing
anchor bolts and is mentioned here for reference only. Refer to
Design Step 6 for bearing and anchor bolt design and the
calculation of the horizontal connection force.
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From S4.7.4.3, for Seismic Zone |, no seismic analysis is required.
Therefore, the minimum displacement requirement must be obtained

from a percentage of the empirical seat width. The percentage of the

minimum support length, N, is based on Seismic Zone |, an
acceleration coefficient of 0.02, and Soil Type |I. From the above
information, 50 percent or greater of the minimum support length is
required.

Minimum support length required:
N = (8+0.02L + 0.08H)-(1 + 0.00012582)l
L =240ft H =22ft S = 0deg
N = (8+0.02L + 0.08H)-(1 + 0.00012582)
N=1456 in Use N=15 in

Since the selected preliminary abutment dimensions
7.3 leave 18 inches as a support length, this design e
100 percent of the minimum support Ien‘.

-
=

N=15"

h

imum Support Length Required

Figure 7-4
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Earth Loads

The earth loads that need to be investigated for this design example
include loads due to basic lateral earth pressure, loads due to
uniform surcharge, and live load surcharge loads.

The water table is considered to be below the bottom of footing for this
design example. Therefore, the effect of hydrostatic water pressure
does not need to be added to the earth pressure. Hydrostatic water
pressure should be avoided if possible in all abutment and retaining
design cases through the design of an appropriate drainage system.
Some ways that can reduce or eliminate hydrostatic water pressur
include the use of pipe drains, gravel drains, perforated drains,

geosynthetic drains, or backfilling with crushed rock. It should be n
that the use of weep holes, or drains at the wall face, do n
drained conditions.

Loads due to basic lateral earth pressure:

To obtain the lateral loads due to basic rirr’ih pressure \the ea
pressure (p) must first be calculated fro e i ation.

1
P = KavgZ

Bottom of backwall lateral eart

ka = 0.3 obtained from g

ge of lo compacted gravel

vs = 0.120kcf use av
z = Tft b a ight

P = KavgZ

p:
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h
T

g
7'_0"

¢
<

>l
>

] 3!_6"

10'-3"

Figure 7-5 Backwall

Once the lateral earth pressure is
due to the earth pressure ¢
at a distance of H/3 from t
investigated.

ottom of

hpkwil = 7ft
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Bottom of abutment stem lateral earth load:

ka = 0.3 obtained from geotechnical information
ys = 0.120kcf use average of loose and compacted gravel STable 3.5.1-1
z = 22ft height used for maximum moment at
bottom of abutment stem
P =Kkavsz
p = 0.79ksf

R

EHstem

A

.........

10'-3"

tment'Stem Design Earth Pressure

| earth pressure is calculated, the lateral load

due to the e pressure can be calculated. This load acts
at a distance of H/3 from the bottom of the section being S3.11.5.1
investigated. SC3.11.5.1

1
REHstem = (E)'p'hstem

K

R =871—
EHstem ft
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Bottom of footing lateral earth load:

ka = 0.3 obtained from geotechnical information
ys = 0.120kcf use average of loose and compacted gravel STable 3.5.1-1
z = 24.5ft height from top of backwall to bottom of
footing
P = Kavsz
p = 0.88ksf

tom of Footing Design Earth Load

| earth pressure is calculated, the lateral load

due to the e pressure can be calculated. This load acts
at a distance of H/3 from the bottom of the section being S3.11.5.1
investigated. SC3.11.5.1

1
REHftg = (E} 'p'(hstem + tftg)

REHftg = 1 0'80%
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Loads due to uniform surcharge: S3.11.6.1

Since an approach slab and roadway will cover the abutment backfill
material, no uniform surcharge load will be applied.

Loads due to live load surcharge: S3.11.6.4

Loads due to live load surcharge must be applied when a vehicular
live load acts on the backfill surface behind the back face within
one-half the wall height. The horizontal pressure increase due to live
load surcharge is estimated based on the following equation:

|
Ap = kysheq

Bottom of backwall live load surcharge load:
k = ka

ys = 0.120kcf use average of loose and compact STable 3.5.1-1

heq = 3.6ft equivalent height of& r STable 3.11.6.4-1
based on 7ft backwall h (inte

between 4 and 3 in Ta

Ap = k'ysheq
Ap = 0.130ksf

The lateral load due to theflive load S@iichdrge is:

Bottom of alS ent stem live load surcharge load:

k = ka

ys = 0.120kcf use average of loose and compacted gravel STable 3.5.1-1

heq = 2ft equivalent height of soil for vehicular STable 3.11.6.4-1
loading based on stem height

Ap = k-v5-hegq

Ap = 0.072ksf
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The lateral load due to the live load surcharge is:

RLsstem = Ap-hstem

K
Risstem = 1.58—

ft

Bottom of footing live load surcharge load:

k:ka

vs = 0.120kcf use average of loose and compacted gravel 3.5.1-1

heq = 2ft equivalent height of soil for vehicular Ig ? able 3.11.6.4-1

Ap = k'YSheq
Ap = 0.072ksf L 3
The lateral load due to the live load surcharg\

Risftg = Ap'(hstemﬂLtftg)

K
Risftg = 1 .76E

ill be supported by the S3.11.6.5
charge could be taken
esign example, a surcharge reduction

Since one edge of t p ch sla
abutment, a redu of liv

S3.12

For this abWlifient design example, two horizontal temperature loads

need to be Galculated: load due to temperature rise and load due to

temperature Y@ll. To calculate these loads, the steel girder setting S3.12.2.2
temperature is required. Also, the temperature range, as well as the STable 3.12.2.1-1

thermal coefficient of expansion for steel, is needed. The expansion

or contraction can then be calculated. Using the expansion or 56.4.1
contraction, the thermal loads can be calculated based on the S14.6.3.1
neoprene bearing properties.

¢ = 6.5x 107 ° (infin/oF) S6.4.1

tset = 68 °F assumed steel girder setting temperature
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For this design example, assume a moderate climate. The temperature

range is then 0 °F to 120 °F

STable 3.12.2.1-1

Expansion calculation:
]

in
A =g-A¢| L 12—
exp t( span ft)

in)
A = & Atiige’| L 12—
exp rise ( span ft)

Contraction calculation:
in)"
Acontr = €At I—span'12— ‘
ft )
Atfall = tset—0 \
Atfa” =68 °F
Acontr = S'Atfall'(Lspan'

cont Is known, the loads due to

Once the expansio
ated based on the following equation:

temper. can be c

Hy = S14.6.3.1
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Before the loads due to temperature rise and fall can be calculated, the
neoprene bearing properties are needed (see Design Step 6). If the
bearing pad design is not complete at the time the temperature loads
are being calculated, the temperature loads can be estimated by
assuming bearing pad properties that are larger than expected from the
bearing pad design. The bearing pad properties for this design
example are:

G = 0.095ksi shear modulus

A = 14in-15in area of the bearing pad in plan view
. 2
A =210.00in

hrt = 3.5in elastomer thickness (not including a
reinforcement)

Load due to temperature rise:

\ 4

Aexp

Hurise = G-A- het

Hurise = 277K pel’ bean

divide By the
temperature rise:

Now, multiply Hyrise by five b
abutment length to get the

Hurisetot =

Now, multiply Hysay by five bearings and divide by the abutment
length to get the total load due to temperature fall:

Huyfall-5
I—abut

Hufalltot =

K
Huyfalltot = 0-39f—t
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Design Step 7.7 - Analyze and Combine Force Effects

There are three critical locations where the force effects need to
be combined and analyzed for an abutment design. They are
the base or bottom of the backwall, the bottom of stem or top of
footing, and the bottom of footing. For the backwall and stem
design, transverse horizontal loads do not need to be
considered due to the high moment of inertia about that axis, but
at the bottom of footing, the transverse horizontal loads will need
to be considered for the footing and pile design, although they
are still minimal.

Bottom of Abutment Backwall

In order to analyze and combine the force effects, the abuty
backwall dimensions, the appropriate loads, and the appli€&é

created by the top of the backwall corbel concrete wi
neglected in this design example.

Live load surcharge,

RLSbw

Horizontal earth

load, R,

2!_4"

¢ Backwall _/

Figure 7-8@Abutment Backwall Dimensions and Loading

The following limit states will be investigated for the backwall
analysis. The load factor for future wearing surface is given,
but the load due to future wearing surface on the abutment
backwall will be ignored since its effects are negligible. Also,
limit states that are not shown either do not control or are not
applicable. In addition, Strength Ill and Strength V limit states
are included but generally will not control for an abutment with
expansion bearings. Strength Ill or Strength V may control for
abutments supporting fixed bearings.
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Load Factors

Strength | | Strength lll| Strength V| Service |

Loads Ymax | Ymin | Ymax | Ymin | Ymax | Ymin | Ymax [ Y min
DC 1.25(0.90({1.25/0.90|1.25)|0.90]1.00]1.00
DW 1.50{0.65[(1.50/0.65|1.50)0.65]1.00]1.00
LL 1.75(1.75( — | — |1.35]1.35]|1.00]1.00
EH 1.50{0.90({1.50/0.90/1.50)0.90]1.00]1.00
LS 1.75(1.75 —- | -— |1.35]1.35]/1.00{1.00

Table 7-3 Applicable Abutment Backwall Limit States with the
Corresponding Load Factors

The loads that are required from Design Steps 7.4, 7.

DLpw = 1.71% REHb‘: 0.88fE

K
RLLbw = 2.81 ry RLsbw =

Abutment backwall Strength | fo

The following load factors wi calculate the force
effects for Strength I. Not
redundancy, and operatio
Eta is discussed in d
this design exampl

e factors, is not shown.
1. For all portions of

The factored vertical force at the base of the backwall is:

Fvbwstrl = Ypc-Dlow + vLL-RLLbw

K
Fvbwstrl = 7-05E
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The factored longitudinal shear force at the base of the backwall is:
Vubwstrl = (YEH-REHbW) + (YLS'RLSbw)

K
Vubwstrl = 2.91—

ft

The factored moment at the base of the backwall is:

Mubwstrl = (YLL'RLLbW'1-17'ft) +(YEH'REHbW'2-33'ﬁ)
+ (yLS-RLSbW-3.5O-ft)

K-ft
Mubwstrl = 14-38T

Abutment backwall Strength Il force effects: !

The following load factors will be used t’alc e e

effects for Strength Il:
Ypc = 1.25 \ STable 3.4.1-2
yLL = 0.00 STable 3.4.1-1
YeEH = 1.50 STable 3.4.1-2
yLs = 0.00 STable 3.4.1-1

of the backwall is:

The factored vertic rce a

-DLow@Y L RLLbw

The factored longitudinal shear force at the base of the backwall is:

Vubwstrill = (vEH REHDW) + (vLs'RLSbW)

K
Vubwstrlll = 1-32E

7-29



FHWA LRFD Steel Bridge Design Example Design Step 7 - Abutment and Wingwall Design

N AASHTO Spec.

The factored moment at the base of the backwall is:

Mubwstrlll = (YLL'RLLbW'1-17'ﬁ) +<YEH'REHbW-2.33-ft)
+ (vLs RLsbw:3.50-ft)

K-ft
Mubwstrlll = 3.08 f_t

Abutment backwall Strength V force effects:

The following load factors will be used to calculate the force
effects for Strength V:

Ypc = 1.25 ble 3.4.1-2

vy = 1.35 STable 3.4.1-1
YEH = 1.50 STable 3.4.1-2
yLs = 1.35 ‘ STable 3.4.1-1

The factored vertical force at the base eb all is:
Fvbwstrv = Ypc-Dlow + v v

K
I:vbwstrV =9.93—
ft

R

The factored longit | she t the base of the backwall is:

+(vLsRusbw)

The factored ment at the base of the backwall is:

Mubwstrv = (YLL-RLwa~1-17-ft) +(YEH'REHbW'2-33'ft)
+ (vLs RLsbw-3.50-ft)

K.-ft
Mubwstrv = 11'80f_t
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Abutment backwall Service | force effects:

The following load factors will be used to calculate the force
effects for Service I:

ypc = 1.0 STable 3.4.1-2
yLL = 1.0 STable 3.4.1-1
vEn = 1.0 STable 3.4.1-2

s = 1.0 ble 3.4.1-1

The factored vertical force at the base of the backwall is:

Fvbwservl = Ypc-Dlow + v L-RLLbw

K
The factored longitudinal shear force at the b f the baCkwall is:

Vubwservl = (YEH‘REwa) LSb

K
Vubwservl =1.79—
ft
The factored momen h se of backwall is:
Mubwservl = ('YL wa-1. . +(YEH’REHbW’2-33'ﬂ)

+ (L5 "Qgbw3.50-ft)

51—
ft

Mubwse
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The maximum factored backwall vertical force, shear force, and
moment for the strength limit state are:

Fvbwmax = max( Fyvbwstrl » Fvbwstrlll ,FvbwstrV)

K
Fvbwmax = 7.05—

ft

Vubwmax = maX(Vubwstrl » Vubwstrlll :VubwstrV)

K
Vubwmax = 2.91—

ft

Mubwmax = maX(Mubwstrl s Mubwstrlll ,Mubwstrv)

K-ft ) 4

Mubwmax = 1438 T

O
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Bottom of Abutment Stem

The combination of force effects for the bottom of abutment
stem are similar to the backwall with the addition of the
superstructure dead and live loads.

Vertical Loads
h:- H'LLr|1s|J-c

Live load RiLain
surcharge, R o,

l—lv
|—I-
Bl 11 3/8"
"
| |
Horizontal earth B
load, Ry, ?‘
B T [Ty}
36"
ki
™~ — 2.9
.1ul_3|| :? d
. gt IS

Figure 7-9 Abutment Stem Dimensions and Loading

The force effects for the stem will be combined for the same limit
states as the backwall. The loads and load factors are also similar
to the backwall with the addition of wind on structure, wind on live
load, and thermal effects. As with the backwall, the extreme event
limit states will not be investigated.
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Load Factors STable 3.4.1-1

Strength | | Strength lll| Strength V| Service | STable 3.4.1-2
Loads Ymax | Ymin | Ymax [ Ymin | Ymax | ¥Ymin | Ymax | Y min
DC 1.25]10.9011.25(0.90(1.2510.90|1.00(1.00
DW 1.5010.65|1.5010.65|1.50{0.65(1.00(1.00
LL 1.7511.75| - | - [1.35(1.35(1.00(1.00
EH 1.5010.90|1.5010.90|1.50{0.90(1.00(1.00
LS 1.75|11.75] - | - [1.35(1.35(1.00(1.00
WS -— | - 11.40|1.40|0.40{0.40(0.30(0.30
WL — | -1 -1 - 11.00{1.00{1.00(1.00
TU 0.50({0.50]0.50]0.50{0.50]{0.50]1.00{1.0

Table 7-4 Applicable Abutment Stem Limit States wit

Corresponding Load Factors

DLpy = 1.71K

DLstem = 788%

K

Rpwitot = 1.20 o

RLLmax

The loads that are required from Design‘eps@?ﬁ include:
o=
71—
Hstem ft
Stam = 1.585

ufalltot

e effects:

controlling f&

vpc = 1.

vpw = 1.50
v = 1.75
YEH = 1.50
vLs = 1.75
v1u = 0.50

The followi II #d factors will be used to calculate the

e effects for Strength I:

use contraction temperature force

ft

= 0.395
ft

STable 3.4.1-2
STable 3.4.1-2
STable 3.4.1-1
STable 3.4.1-2
STable 3.4.1-1
STable 3.4.1-1
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The factored vertical force at the base of the abutment stem is:

Fustemstrl = (YDC'Dwa> + (YDC'DLstem) + (YDC'RDCtot)
+ (vow-Rowtot) + (7LL-RLLmax)

K
I:vstemstrl = 34-74f—t

The factored longitudinal shear force at the base of the stem is:

Vustemstrl = (YEH'REHstem) + (YLS'RLSstem)
+ (v1u-Hutalitot)

K
Vustemstrl = 16-03E

The factored moment about the bridge transverse axi
of the abutment stem is:

Mustemstrl = (Ypc-DLbw:0.80-ft) +(vp
+ (vow-Rowtot 1.13-1th+ (v .
+ | YEH REHS 7 &7 ; stem-11.00-ft)
+ (vTu-Hufalitot

K.
Mustemstrl = 156.61

Il force effects:

be used to calculate the force

STable 3.4.1-2
STable 3.4.1-2

YEH = 1.50 STable 3.4.1-2
yws = 1.40 all longitudinal wind loads ignored STable 3.4.1-1
yTUu = 0.50 use contraction temperature force STable 3.4.1-1
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The factored vertical force at the base of the abutment stem is:

Fyustemstrlll = (YDC'Dwa) "‘(YDC'DLstem)
+ (vocRoctot) + (Yow-Rowiot)

K
Fvstemstrlll = 23.36 E

The factored longitudinal shear force at the base of the stem is:

Vustemstrill = (YEH‘REHstem) + (YTU'HufaIItot)

K
Vustemstrlll = 13.26 E

The factored moment about the bridge transverse ax;
of the abutment stem is:

Mustemstrlll = (YDC'DLbW'O-SO'ft> +?D ‘
+ (vow Rowiot: 1.13-t)
+ (vTU-Hufalot 15;

K-ft
Mustemstrlll = 113-25f—

Abutment stem Stren

The following load d to calculate the force

effects fgmStrength

STable 3.4.1-2

YDC

YDW = STable 3.4.1-2
v = 1. STable 3.4.1-1
YEH = 1.5 STable 3.4.1-2
yLs = 1.35 STable 3.4.1-1
yws = 0.40 all longitudinal wind loads ignored STable 3.4.1-1
ywL = 1.00 only applicable for wind angle of 0 degrees STable 3.4.1-1
yTu = 0.50 use contraction temperature force STable 3.4.1-1
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The factored vertical force at the base of the abutment stem is:

Fvstemstrv = (YDC'Dwa) + (YDC'DLstem)
+ YDC'RDCtot) + (YDW'RDWtot)
+ (vLLRiLmax)

K
Fvstemstrv = 32.14 E

The factored longitudinal shear force at the base of the stem is:

VustemstrV = (YEH'REHstem) + (YLS'RLSstem)
+ (YTU'HufaIItot

K
Vustemstrv = 15.40—
! \ 2
The factored moment about the bridge tranVs base

of the abutment stem is:

DCRBRCtor 1.13-1t) ..
+(y|_|_-R|_|_maX-1.13-ft)
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Abutment stem Service | force effects:

The following load factors will be used to calculate the force
effects for Service I:

vpc = 1.00 STable 3.4.1-2
ypw = 1.00 STable 3.4.1-2
yLL = 1.00 STable 3.4.1-1

Yen = 1.00 ble 3.4.1-2
yLs = 1.00 3.4.1-1
yws = 0.30 use for wind on stem end face for le 3.4.1-1
controlling wind at 60 degrees
ywL = 1.00 only applicable for wind angl STable 3.4.1-1
yTu = 1.00 use contraction temperature fo STable 3.4.1-1
The factored vertical force at the base of th utme is:

Fvstemservl = (YDC'DLbW
+(vpc Rbctot

+|vLL-RL

F = 24.
vstemservl ft

The facigmed longitudi hear force at the base of the stem is:

F Hstem) + (YLS'RLSstem)
+ (YTU'HufaIItot
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The factored moment about the bridge transverse axis at
the base of the abutment stem is:

Mustemservl = (YDC‘DLbW'O-SO'ﬁ) +(YDC'RDCtot‘1-13'ft)
+ (vow Rowtot 1.13-1t) + (v -RiLmax-1.13-ft) ..
+ (vEr-ReHstem*7-33-Tt) + (vL.s'RLSstem11.00-ft) .
+ YTU'HufaIItot'15'ft)

K-ft
Mustemservl = 105-82T

The maximum factored abutment stem vertical force @he ce,
and moment for the strength limit state are:

\ 4

Fyvstemmax = maX(Fvstemstrl , Fystemstri@E vste

K
I:vstemmax = 34-74E

Vustemmax = max(Vu strl » Vygten¥gip1 ,Vustemstrv)

K
Vustemmax =1 i
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Bottom of Abutment Footing

The combination of force effects for the bottom of abutment

footing are similar to the backwall and stem with the addition
of the earth load on the abutment heel. Also, dynamic load

allowance must be removed from the live load portion of the S3.6.2.1
force effects for foundation components that are completely
below the ground level.

Vertical TH—’"E’,‘E”E’“
T arizontal
R Loads
. LLmax WS
QS} L L U“S?Tﬁi::
Live load .

surcharge, R gy,

Temperature

load, HLlf " -

71/2"
1

sublongsand

15-0"

29"

10-3"

21'6-
|

Figure 7-10 Abutment Footing Dimensions and Loading
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The force effects for the bottom of footing will be combined for the
same limit states as the backwall and stem. The loads and load
factors are also similar with the addition of vertical earth load.

Load Factors STable 3.4.1-1

Strength | | Strength lll| Strength V| Service | STable 3.4.1-2

Loads Ymax | Ymin | Ymax [ Ymin | Ymax | Ymin | Ymax | Y min
DC 1.25]10.90(1.25{0.90]1.25|0.90{1.00]1.00
DW 1.50({0.65|1.50]0.65]1.50{0.65[1.00]1.00
LL 1.75(1.75| - | - [1.35[1.35[/1.00]1.00
EH 1.50{0.9011.5010.90{1.50{0.90{1.00]1.00
EV 1.3511.00(1.35(1.00]|1.35[1.00{1.00]|1

LS 1.7511.75| — | — |1.35|1.35 1
WS -— [ — 1140]1.40({0.40]0.40)0.3Q(0
WL — [ — | — | — [1.00]1.00|1.08041.
TU 0.50[{0.50]10.50/0.50{0.50]0.50

Table 7-5 Applicable Abutment Footing
Corresponding Load Factors

The loads that are required fr

K
DLpyw = 1.71—
bw ft

.5, and 7.6 include:

DLstem = 788%

K

H =0.39—

ufalltot ft
Wssupertranso = 30.69K

WSsubtransendo = 3.08K

WLtranso = 600K

K
RLLmin1 = —0-68E WSsubtransendso = 1.54K

K
RLLmax1 = 5-34E WSsublongend60 = 2.67K
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Abutment bottom of footing Strength | force effects using the
maximum load factors:

The following load factors will be used to calculate the
controlling force effects for Strength I:

Ypc = 1.25 STable 3.4.1-2
ypw = 1.50 STable 3.4.1-2
v = 1.75 ble 3.4.1-1
YeH = 1.50 3.4.1-2
yevy = 1.35 use maximum value to maximize le 3.4.1-2
the pile loads
yLs = 1.75 STable 3.4.1-1
yTUu = 0.50 use contraction temperature fo STable 3.4.1-1

The factored vertical force at the bottom of ing is:

Fuftgstrl = (YDC'DLbW) +(
+ YDC'DLftg)+
+(vpc-Rbcto
+(vLL-RoL

vatgstrl =951.7

The fact jilldinal M@izontal force at the bottom of footing is:
Flonftgs YeH-REHg) + (vLs Risftg) -
+ (vu-Hufalltot

K
I:Ionftgstrl = 19-49f—t

The factored transverse horizontal force at the bottom of footing is:

Firaftgstrl = 05 The load factors for the loads that
produce transverse horizontal forces
are zero for Strength |.
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The factored moment about the bridge transverse axis at the
bottom of footing is:

Mionftgstrl = [YDC'(DLbW)-(—O.'l??.ft)]
+ [YDC'(DLstem)'(0-625-ft)]
+ | vev-Dlearth-(-3.125-t) | ...

Ypc-Roctot 1.75-) ..

vYow-Rbwiot-1.75-ft) ..

YLL RLLmax1-1.75-ft) .

YEH REHfg 8-17-1t) ...

vLs Risftg-12.25ft) ..

vTU-Hufalltot- 1 7.5~ft)

+ + 4+ + 4+ o+

K-ft
Mlonftgstrl =171.09 f_t

The factored moment about the bridge I&g' [
bottom of footing is:

K-ft
Mtraftgstrl = Of_t

load factors:

s will ed to calculate the
Strength I

The following load

yey = 1.00 use minimum value to minimize the
pile loads

yLs = 1.75

YTUu = 0.50 use contraction temperature force

7-43

AASHTO Spec.

STable 3.4.1-2
STable 3.4.1-2
STable 3.4.1-1
STable 3.4.1-2
STable 3.4.1-2

STable 3.4.1-1
STable 3.4.1-1



FHWA LRFD Steel Bridge Design Example Design Step 7 - Abutment and Wingwall Design

B AASHTO Spec.

The factored vertical force at the bottom of footing is:

Fyftgstrimin = (YDC‘Dwa> +(YDC'D|—stem)
+ (vpc-Dlitg) + (vev-Dlearth) -
+ (vpc-Roctot) + (yow-Rowot) --
+ (vLLRLLmin1)

K
vatgstrlmin = 29-14E

The factored longitudinal horizontal force at the bottom of footing is!

Flonftgstrimin = (vEH-REHftg) + (vLs'RLsttg) -
+ (v1U-Hufalttot

< \ 4

I:Ionf‘[gstrlmin = 13-00E

The factored transverse horiz of footing is:

K

Ftraftgstr|m|n = OE fOl' the |OadS that

horizontal forces

The factored mom i transverse axis at the
bottom of footing is:

bw)(-0.177-ft)] ...

' DLstem)'(0-625-ft)]
vEv-Dlearth:(-3.125-ft) | ...
Ypc-Roctot 1.75-t) .
YDW'RDWtot-1.75-ft§
vLL RLLmin1-1.75-ft
YeH REHitg-8.17-ft) ...
yLS-RLSﬂg-12.25-ft;
YTU Hufalitot- 17.5-ft

+ 4+ + + + + o+

K-ft
Mionftgstrimin = 103.16 e
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The factored moment about the bridge longitudinal axis at the
bottom of footing is:

Mtraftgstrimin = 05 The load factors for the loads that
produce transverse horizontal forces
are zero for Strength |.

Abutment bottom of footing Strength Il force effects:

& 10 Load Combinations

\\!/'

‘/ There are numerous load factor combinations for eac

= limit state as can be seen from STables 3.4.1
3.4.1-2. It is possible to check one limit sta
Strength |, over and over again using many
load factor combinations to obtain the
factored effects. The engineer should u
judgement when selectin m
factor for each individual load wi

The following load factors
effects for Strength Ill:

Ypc = 1.25 STable 3.4.1-2

STable 3.4.1-2
YEH STable 3.4.1-2

use minimum value to maximize STable 3.4.1-2
the longitudinal moment

YTEV =

yws = 1.4 use a wind angle of 0 degrees STable 3.4.1-1
YTy = 0.50 use contraction temperature force STable 3.4.1-1

Vertical wind load will be ignored since the moment of inertia about
the abutment longitudinal axis is so large.
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. AASHTO Spec.

The factored vertical force at the bottom of footing is:

Fuigstrill = (¥pc-DLow) + (vpc-Dlstem) -
+ (vpc:DLttg) + (vEv-Dlearth) -
+ (vpc-Roctot) + (vyow-Rowot)

K
vatgstrlll = 38-72f—t

The factored longitudinal horizontal force at the bottom of footing is:

Flonftgstrill = (YEH'REHﬂg) + (vTu-Hufautot)

K
Flonftgstriil = 16.40 =

The factored transverse horizontal force at the bottom

WSsupertransO +w
Labut

I:traf‘tgstrlll = YWS (

K
I:traf‘tgstrlll =1.01 f_t

The factored moment abo verse axis at the

bottom of footing is:

e bridg

DLpw ft)] )
Lstem)-0.625-ft] ...
h-(-3.125-ft) ] ...
Y Ctot-1.75-ft) ...
vYow:Rowiot-1.75ft) .

WS
vws-( Sublongendo\-1o-ft}
Labut )

YEH REHitg 8.17-ft) ..
yTU-Hufalitot 1 7.5-ft)

Mlonftgstrlll = I:Y
+[1p

+

—+

K.-ft
Mionftgstrill = 128.47 e
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The factored moment about the bridge longitudinal axis at the
bottom of footing is:

WS
supertrans0 -17.5~ft\
I—abut

WS
subtransendO -10.ft\
Labut

Miraftgstrill = YWS (

TYws:

K.-ft
Mtraftgstrlll = 16.96?

Abutment bottom of footing Strength V force effects:

The following load factors will be used to calculate the fo
effects for Strength V:

vpc = 1.25 STable 3.4.1-2
vpw = 1.50 STable 3.4.1-2
vL = 1.35 STable 3.4.1-1
vEH = 1.50 STable 3.4.1-2
vev = 1.00 ini ue to maximize STable 3.4.1-2
vLs = 1.35 STable 3.4.1-1

yws = 0.40 le of 0 degrees STable 3.4.1-1

STable 3.4.1-1

ontraction temperature force STable 3.4.1-1

The factore rtical force at the bottom of footing is:

pc-Dlow) + (vpc-Dlstem) --

+ (vpc-Dlatg) + (vev-Dlearth) -
+ (vpc-Roctot) + (Ypw-Rowtot) --
+ (vLLRiLmax1)

K
vatgstrV = 45-93E
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The factored longitudinal horizontal force at the bottom of footing is:

Flonftgstrv = (YEH‘REHftg) +(YLS'RLSﬁg)

WS
T Yws: sublongendo\ + (YTU'HufaIItot)
Labut j

K

I:IonftgstrV = 18-78E

The factored transverse shear force at the bottom of footing is:

Wssupertranso N WSsubtransendO\

Labut Labut
WLtransO\

Labut )

K \ 4

I:traftgstrv = 0-42E

Firaftgstrv = Yws (

T YwL:

The factored moment about t is at the

bottom of footing is:

Mionftgstrv = [VDC'(DLb

SsublongendO
Labut

+ (vEr ReHg-8.17-ft) .

+|yLs RLsftg-12.25-ft) ...

+ (YTU Hufallitot 17.5-ft

-10-ft\

K-ft
MIonftgstrV = 170-26T
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The factored moment about the bridge longitudinal axis at the
bottom of footing is:

WSsupertransO 47 5-ft\
Labut

WS
fyws subtransendO -10-ft\

Labut
WL
; yWL-(ﬂ-SO.Sft\

MtraftgstrV = YWS (

Labut )

K-ft
MtraftgstrV = 8-75T

Abutment bottom of footing Service | force effects for
degrees and maximum live load:
@alcu

The following load factors will be used t
effects for Service I:

ypc = 1.00 STable 3.4.1-2
ypw = 1.00 STable 3.4.1-2
yoL = 1.00 STable 3.4.1-1
ven = 1.00 STable 3.4.1-2
vev = 1.00 STable 3.4.1-2

yLs = 1.00 STable 3.4.1-1

wind at 0 degrees STable 3.4.1-1
STable 3.4.1-1

YTU = use contraction temperature force STable 3.4.1-1

The factored ical force at the bottom of footing is:

Fvftgservl = (YDC'Dwa) +(YDC'D|—stem>
+ (vpc-Dltg) + (vEV-Dlearth) -
+ YDC'RDCtot) +(YDW'RDWtot
+ (vLLRiLmax1)

K
vatgservl = 38'19E
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The factored longitudinal shear force at the bottom of footing is:

Flonftgservl = (YEH'REHftg) Jr(YLS'RLSftg)
_ Wssublongendo\

Labut )
+ (vu-Hufalltot)

T Yws

K
I:Ionftgservl = 12.96 f_t

The factored transverse shear force at the bottom of footing is:

WSsupertranso\
I:traf“tgservl = TWS*
Labut )
WSsubtransendO\
+YWS" L
abut
Ty (WLtranso\
WL | ——
Labut )
K
I:traf“tgservl =0.34—
ft
The factored moment about i nsverse axis at the

bottom of footing is:

Mlonftgservl =

.RD ot~1.75~ft)
YDW' DWtot~1.75-ft)
+ y|_|_~R|_|_maX1-1.75-ft)

WS
(YWS' sublongend0‘10‘ft\
Labut
+ (ver-REeHg-8.17-ft) ..

+ (1Ls Rusttg-12.25ft) .
+ (v1u-Hufalttor-17.5-1t)

K-ft
Mionftgservl = 113.12f—t
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The factored moment about the bridge longitudinal axis at the
bottom of footing is:

WSsupertrans0 \
Miraftgservl = YWS'( Lpb t -17.5-ft)
abu
WSsubtransendo \
+ YWS* 10-ft ...
Labut
WL
WL Whtranso 51 ¢
Labut )

K-ft
Mtraftgservl = 7-54T

Abutment bottom of footing Service | force effects for windié
degrees and minimum live load:

The following load factors will be used to calculate the§igrc
effects for Service I:

vpe = 1.00 STable 3.4.1-2

vpw = 1.00 \ STable 3.4.1-2
vLL = 1.00 STable 3.4.1-1
vEH = 1.00 STable 3.4.1-2
vev = 1.00 0 STable 3.4.1-2

vLs = 1.00 STable 3.4.1-1

YWS @in0-30 se for wind on stem end face for STable 3.4.1-1
at 60 degrees

YWL applicable for wind angle of 0 degrees STable 3.4.1-1

YTU = use contraction temperature force STable 3.4.1-1

The factored V@htical force at the bottom of footing is:

Fyitgservimin = (YDC'DLbW) +(YDC'D|—stem)
+ (vpc-Dlitg) + (vev-Dlearth) -
+ (vpc-Roctot) + (yow-Rowot) --
+ (vLLRLLmin1)

K

vatgservlmin = 32-17E
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The factored longitudinal shear force at the bottom of footing is:

Flonftgservimin = (YEH'REHftg) +<YLS'RLSftg)
. WSsubIongendGO\

Labut )
+ (v1U-Hufalitot)

T1Yws

K
Flonftgservimin = 12-97E

The factored transverse shear force at the bottom of footing is:

WSsupertranSGO \

Labut ‘
N WSsubtransend60

Firaftgservimin = Yws-

I—abut‘

K
I:tne\ftgservlmin = 0.08 E

The factored moment about the
bottom of footing is:

125-ft)] ..

-RpCtot-1.75-ft) ..
Wtot-1.75-f’[)

LLmax1'1-75'ft)

( WSsubIongendGO
T YWS* L ‘
abut
+ YEH‘REHftg'8-17'ft)
+ (vLs Risttg 12.25ft) ..

+ YTU‘HufaIItot'17-5-ft)

’IO-ft\

K-ft
Mionftgservimin = ’113.29T
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The factored moment about the bridge longitudinal axis at the
bottom of footina is:

WSsupertrans60 175 -ft\
Labut

WSsubIongend60 \
+ . -10-ft
ws ( Labut

Mtraftgsewlmin = YWS [

K-ft

Mtraftgsewlmin = 1-34T
The following table summarizes the combined forces at the bottom
footing that were calculated above. The forces were calculated at
center of the bottom of footing. The values shown in the tabl

are required for the geotechnical engineer to design the p

It should be noted that Design Step P was based on

and update the results based on the fin
forces given below.

Lateral
Vertical Long. Load
Limit State| Force Moment o (Trans.
(K) (K Direction) | Direction)
(K) (K)
Strength |
Max/Final 2426 913 0
Strength |
Min/Final 610 0
795 769 47
353 607 16
63 608 4

Table 7-6 Pile Foundation Design Forces
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Design Step 7.8 - Check Stability and Safety Requirements

For abutment footings supported by piles, the stability and safety
requirements deal with the amount of settlement that will occur to the
substructure. For this design example, 1.5 inches of horizontal
movement is acceptable and 0.5 inches of vertical settlement is
acceptable. Design Step P verifies that less than the allowable
horizontal and vertical displacements will take place using the pile
size and layout described in Design Step P.

Design Step 7.9 - Design Abutment Backwall

It is recommended that Pier Design Step 8.8 is reviewed prior to

beginning the abutment design. Design Step 8.8 reviews thg i
philosophy used to design the structural components of t
is applicable for the abutment as well.

Design for flexure:

Assume #5 bars: ‘
bar_diam = 0.625in

bar_area = 0.31in2

First, the minimum reinforcemen ill be calculated. The
tensile reinforcement provided mus develop a factored
flexural resistance at least ser of 1.2 times the cracking
strength or 1.33 times the f@ctored from the applicable
strength load combinati@n

The cracking stren calc

[ |
Mcr
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Y Front face of backwall at base
1 I_Oll

<
<

o

2
o - - Centrgldal
- N ~ Axis

©

o

~~

> -

o

(Q\

| 4

Figure 7-11 Abutment Backwall Crackin

fr = 0.24.[f¢

f = 0.48ksi

S56.4.2.6

1 . . \3
[ —(12in) (20in
g 12( ) (

lg = 800in"

Yt =
Mer —
cr ft
K-ft
Mcr = 32.00——
cr ft
K-ft

1.2-M¢r = 38.40 —
cr ft
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1.33 times the factored controlling backwall moment is:

K-ft
Mubwmax = 1438T

1.33-Mubwmax = 19.13%

Since 1.33 times the controlling factored backwall moment controls
the minimum reinforcement requirements, use:

Mubwdes = 1.33-Mybwmax

K-ft
Mubwdes = 1913—
ft
Effective depth, d = total backwall thickness - cover -1/2 me

tow = 20in  backwall thickness ‘

de = tpw — Coverp - bar_diam

2
de = 17.19in
Solve for the required amount of rel ing ste®f] as follows:
¢ = 0.90 S5.5.4.2.1
2

b = 12in

Rn = 0.072£

n

Mubwdes-

p = 0.00121
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Note: The above two equations are derived formulas that can be found
in most reinforced concrete textbooks.

b in2
A = -—-d A = 0.25_
S P ft e S ft

bar_area 14.9i
Required bar spacing = S = 149N

Use #5bars @ bar_space = 9.0in

As = bar_area-(&\ Ag = 0.41 in2 per fo
bar_space /

Once the bar size and spacing are known, the maxi r rce t
limit must be checked.

T = As-fy T =21 K

T .
= — in
0.85-f'¢-b

The backwall ure reinforcement bar spacing was set at 9.0
inches so that it could lap with the flexure reinforcement in the stem.
Originally, the backwall bars were set at 12.0 inches. After
completing the stem design, the backwall design was updated to
match the stem flexure reinforcement bar spacing.
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Check crack control:

The control of cracking by distribution of reinforcement must be S§5.7.3.4
checked.

Since this design example assumes that Z = 130.5

the backwall will be exposed to deicing In

salts, use:

Thickness of clear cover used to compute dc

. bar_di
should not be greater than 2 inches: de = 2.5in + ar—z 'a

dc = 2.81in

) -bar_space

use d¢ = 2.0i
dc = 431

Concrete area with centroid the same as
transverse bar and bounded by the cros‘
section and line parallel to neutral axis:

_ 41.63in°

The equation that gives the allo ervice load stress

for crack control is:

y4
fsa - 1
3
(de-Ac)
fsq 7ksi 0.6fy = 36.00ksi

Es = 29 i S5.4.3.2

Ec = 3640¥8i S5.4.2.4
Es

n=— n=797 Use n=28
Ec
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Service backwall total load moment:

K-ft
Mubwservl = 8.51 f_t

To solve for the actual stress in the reinforcement, the transformed
moment of inertia and the distance from the neutral axis to the centroid
of the reinforcement must be computed:

.2
de = 17.19in  Ag = 0.413%

As
b

~.de

ft

p = p = 0.002

k= (pm)2+(2pn) —pen

k =0.164
\ 4

k-de = 2.81in

Front facg of b at
Y 12.
eutral

Axis

2.81"

#5 bars
®— @ 9.0in

spacing

Figure 7-12 Abutment Backwall Crack Control Check
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Once kdg is known, the transformed moment of inertia can be

computed:
de = 17.19in
in2
As = 0.413—
ft

= %-(12;—?\-(k-de)3 +1-As(de — k-de)?

in4
lt = 771.73 —
ft

Now, the actual stress in the reinforcement can be compu

y = de—k'de y = 14.37in
in )
n-| M 12 —.
( ubwservl ft y) ‘ A
fs = [ \
t

fs = 15.22Kksi fsa >

Design for shear:

The factored longitudinal ar forc t ase of the backwall is:

Vubwmax = 2.9

The no is the lesser of: S5.8.3.3

Vio = 0.2
where:

Ve = 0.0316-B-/To-by-dy"
and

Av-fy-dv-(cote + cotoc) sina."
S —

neglect for this abutment
S design
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Before the nominal shear resistance can be calculated, all the
variables used in the above equations need to be defined.

B =20 S5.8.3.4.1

by = 12 in

[ |
dy = max(de - g .0.9-de ,0.72-h) S5.8.2.9

where:

h =20in

dy = 16.80 in
Now, V1 and V,, can be calculated:

For fo =40 ksi

Vn1 = 0.0316-B/fcby-dy
K
Vn2 = 025flcbvdv

Vp2 = 201.60 %